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INTEREST RATES AND INFLATION 


IN CANADA AND THE UNITED STATES 


by 


Pee GeeNOLds 


INTRODUCTION 


The purpose of this study is to analyze the linear relation- 
ships among nominal interest rates in Canada and the United 
States and between these interest rates and intracountry in- 
flation. Specifically, we will consider four topics. The 
first is the validity of viewing nominal interest rates as 
chessumotethes ced le rate. Of interest amd duidievep@en Lun 
and the expected rate of inflation calculated as a linear 
combination of actual rates of domestic inflation. The se- 
cond topic is the so-called Gibson paradox, that is, the ob- 
served positive correlation between the level of prices and 
Nomina einceresturates em DOthwOlatLhesem1ssucsmsnavembpecn 
studied in the time domain using ordinary least squares, 


*IT wish to thank J.F. McCollum, J.G. Cragg, and a review- 
er for valuable comments and suggestions, and T. Amemiya and 
T.W. Anderson for introducing the author to the techniques 
used in this paper. I also take this opportunity to thank 
my wife, Ellen, for invaluable help in readying the manuscript 
for publication, and G. Suppes for the very able research 
assistance he provided. Of course, any errors are attribu- 
eeu ellicy aster Gelels) GRVREL Se OR 


quasi-generalized least squares routines, and various distri- 
buted lag techniques in, for example, references {7], [10], 
fli], [12], [27], and [32]. The time domain analyses, while 
often encountering estimation difficulties in the form of 
autocorrelation or unbelievable lag structures, have gener: 
ally been compatible with maintained economic doctrine. The 
third topic is the intranational term structure of interest 
rates. Finally, we examine the hypothesis that Canadian in- 
terest rates are largely determined by rates prevailing in 
EiemUn ted spUdves. 


This study will concentrate on the frequency domain, using 
the techniques of spectral analysis. In general, spectral 
techniques are best suited to relatively long time series, 
usually containing two hundred or more observations. For 
this and other reasons, we shall use monthly data for the 
period January 1952) to; July «1970. I hesauvantagvesmoteciiis 
mode of analysis, which will become apparent as the analysis 
proceeds, come from a more efficient utilization of the in- 
formation embodied in a time series. 


This reclamation of information is purchased with the 
adoption of a stronger assumption concerning the behavior 
of the series in the time domain: covariance stationarity. 
While this assumption 1s, tosavcertain depree. imp ireicern 
much of the econometric work on these topics, we must recog- 
nize that many of the raw time series are not co¥ariance 
stationary. We will cope formally with this difficulty 
(and as a by-product simplify the estimation problem) by 
prewhitening the time series with a judiciously chosen linear 
filter. ; The filter asepresented an Appendix}, alongew ened 
detailed discussion of the time series used in this paper 
and an appraisal of the conformity of the prewhitened series 
to the stationarity assumption. Also, tests of hypotheses 
are made possible by assuming some subsets of the time series 
follow the multi-variate normal distribution. A partial test 
of this assumption is provided in the same appendix. 


The rest of this paper is divided into six sections. The 
second section deals with the most rudimentary formulation 
of the hypothesized relationship between domestic rates of 
inflation and interest rates. The third analyzes this rela- 
tionship in a multivariate context and can be viewed as the 
frequency domain analog of a reduced form equation. The 
fourth deals with the observed relationship between the level 
of domestic prices and domestic interest rates, exploring 


both the bivariate and multivariate cases of this relation- 
ship. The fifth section investigates the term structure and 
also examines the association of Canadian interest rates with 
those in the United States, and a concluding section draws 
together the implications of this analysis for economic pol- 
icy and for model building. 


THE NAIVE FISHERIAN APPROACH 


A great deal of attention has recently been directed to- 
wards the distinction between nominal and real interest rates. 
There can be no confusion about what the nominal interest 
Tatesware- at any moment, butawhattsemeana Dy real anterest 
rates is often ill-defined. Irving _Fisher[8}-posited_the 
relationship embodied in equation [1]. 


isd : - + (B/P)P B (1). 


Where it is the nominal rate of interest on a bond of matur- 
Cy eee C ULMe RG is is) the rea lepaterotpinterestyatr Lime 

t for the period L, and (P/P)©,L is the expected rate of 
Dereccecuanrceatat Imes: OVE Loeauer OU sl. 


Equation (1) does not permit hypothesis testing as stated 


because it is either a tautology or an equilibrium condition. 
To provide a starting point, researchers have found it expe- 
dient to contend that expectations about inflation are form- 
ederrom a stable linear? function of paste rates Of int latcen,. 
Likewise, the crude assumption that r is a constant has 
often been adopted and the difficult problem of specifying 
thetdeterminantsiof the reali ratetofeinterss's hawcebeen 
thereby evaded. We shall adopt both of these contentions in 
this section, producing the naive Fisherian approach. 


L pee lane 
ibaa + 
i, = be by om (P/P) oa (Qin 
s-0 
where b, is a constant, (P/P) is the actual annual rate 


of priceschange in period fas, and a’ is the weight given 
to period t-s in the formulation of price expectations appli- 
pablesrost ue neriod sii. 


Wesnaveschoscn cosuse the ratevon Chance, obeune doMmescuLe 


Consumer Price Index (CPI) to measure inflation because we 
are primarily interested in expectations. While it can be 
argued cogently that there are better measures of the neb- 
ulous quantity called the rate of inflation, the rate of 

change of the CPI is the index most often used for apprais- 
ing the rate of movement in prices and presumably plays a 

prominent role in determining expectations about inflation. 


One might be tempted to estimate the parameters of (2), 
using ordinary least squares after synthetically adding a 
supposedly independent, identically distributed error term. 
However, if ordinary least squares is used to estimate equa- 
tion (2), three problems are encountered in general: a)mul- 
ticollinearity of the lagged exogenous variables, b) serial 
correlation in the estimated residuals, and c) inadequate 
information about the appropriate-specification of _n. 
Several distributed lag techniques could be used to deal with 
the first problem je ityity occursedt alle al nessccondeproolene 
except in the case of prior knowledge about n, makes esti- 
Mablonequite di tticult melt OneR Knew Nyaupr One OlemCOmEd 
estimate equation (2) using ordinary least squares and com- 
pute a consistent estimate of the variance covariance matrix 
of residuals, Z. One could then proceed with quasi-genera- 
bizedeledstesquares USINnCmenemestima vemO lei. 


All three difficulties may be avoided by making use of 
the properties of the variance covariance matrix of residuals 


and its relationship to spectral estimates. This mode of 
analysis was first suggested by E. J. Hannan [18] and can be 
interpreted in the time domain as an algorithm for genera- 
lized least squares. A summary of the procedure is presented 
in Appendix C. 


The crux of the method is that we can obtain consistent 
estimates of the elements of the covariance matrix of resid- 
uals from the estimated spectral density of residuals. 


In fact, the transformation back to an estimate of ZF is 
not necessary as we can solve a set of normal equations for 
our estimates of the parameters. of equation (2). it 1s wore 
pointing out that, since we have left the lag structure;vin- 
tua klyeunspecificdemthismexerciser 1 salitt Lesmonemthanean 


I 
see Malinvaud, {24], chapter 15. 


ne are 2 
Abiveresteikestl Gkasyerereres Vopr) Gee telater celeneei’ Unambiguous con- 
clusions can be drawn only when no relationship is found. 


In bivariate regression analysis, testing correlation co- 
efficients is equivalent to testing regression coefficients. 
In a similar way, it is instructive to look at the frequency 
domain analog of the correlation coefficient, the bivariate 
or marginal coherence function.3 Table I contains a para- 
metric summary statistic calculated from the estimated co- 
herence between the nominal rate of interest on various 
bonds and the annual rate of inflation computed by extrapola- 
ting the month-to-month rate of change of the Consumer Price 
Index to an annual rate of inflation (denoted henceforth by 
MCPI).4 Given the underlying multivariate normality of the 
time series, the summary statistic's asymptotic distribution 
Jspcneestandard mormaleands| thestéstsotuno, relationship: 1s 
one-sided gsince tEhemconerence, ebyvscdesInit1 Olas restricted? 
to [0,1]). We would reject the null hypothesis (no relation- 
Shipp, dt ethephiyvesperscentelevClml GaWwemiadmamuaties:O Gece 
testes tatist CaO tele. 04 5s0rucreater. 


The difference between the two test statistics presented 
for some of the entries in Table I is that the right-hand 
column entry is computed from estimates based on 37 lags 
while the left-hand entry is based on estimates using 48 


2 Hamon and Hannan [iveleeepo moO Soe 


: This function is defined in Appendix B. 


y This summary statistic is also discussed in Appendix B. 


2 ital senotenecessary, LOsne Lyecntinelyvweonmenestestmstauls cle. 
derived in Appendix B. We can reduce our reliance on the 
assumption of multivariate normality of the underlying time 
series by using a non-parametric test, based on the Binomial 
distribution. The results of this non-parametric summary 
Stablstlceare Dresentvedsilmlal lesb. 1s ADDenNd1 Xb) Lnese 
results are included as additional evidence. 


lags. 6 


The researcher must decide on how many lags he will use. 
A representative sample spectra is displayed in Figure l. 
There are tradeoffs and subjective evaluations involved in 
choosing the number of lags to employ in estimation. Loose- 
ly stated, given a fixed sample size, the bias in estimation 
increases as the number of lags used decreases, and the var- 
iance increases as the number of lags used increases. This 
tradeoff relationship can be formalized into a series of un- 
certainty principles.’ While we settled on 37 lags as a 
reasonable compromise for most of our work, estimates using 
48 lags were often computed to see if key results were sen- 
sitive to the number of lags used. Although the summary 
statistic is biased upwards in both cases, the values based 
on 48 lags reflect more nearly independent estimates of the 
spectrums and cross-spectrums and are hence less biased. 


Table II contains values for the same test statistic for 
the overall coherence between interest rates on bonds of 
various maturities and two slightly different indexes of 
price change. Since the behavior of MCPI from month to 
month is quite erratic, it is entirely possible that indivi- 
duals use some sort of non-linear smoothing technique to ex- 
tract the ‘true’! pattern of price movements from the monehi~ 
observations. Of course, the number of conceivable candi- 
dates for such a smoothing device is unlimited and one could 
no doubt find some smoothing algorithm whose output covar- 
lates significantly with some nominal interest rate series. 
We restricted ourselves to two smoothing algorithms which 
ave Intuitively plausible? ~thel three-month changesinerne 
price level extrapolated to an annual rate (QCPI) and the 12 
month rate of change of the price level (YCPI). All the 
test statistics are based on Spectral estimates, using 37 
lags. 


Spectrum and cross-spectrum estimates can be produced by 
taking finite weighted sums of lagged covariances and cross- 


covariances. The number of lags denotes the number of such 
covariances included in the averaging procedure. 


7 See Dhrymes (4) ps 501. 


TABLE I 


Summary Test Statistics for the Relationship 
Between Interest Rates and Monthly 


Rates of Price Change 


Usorme Melt Canadian MCPI 
48 37 48 37 
Lags Lags Lags Lags 
Gane Dr -1.188 0.033 0.7403 
Can. 1-3 -0.679 -0.364 -0.6157 
Cane .o~5 0.859 -0.414 -0.3719 
Can. 5-10 Oroe -0.145 0.2633 
Can. 10+ -1.062 -0.294 -0.1618 
McLeod Young Weir 0.003 OWS2 5c] OO PZ 
Uror ei: Wed 0.508 
U.S. 9-12 Mo. 0.245 0.291 
Woon So 0.282 0.45 
U.S. 10+ 0.435 007, 
Moody's 1.199 2.206 
Corporate -0.101 0.009 
Canadian MCPI 3.549 ASL 


TABLE I1 


Summary Test Statistics for the Relationship 


Between Interest Rates and QCPI 


anGwy Ghul 
Canadian U.S. 
OGE icra OGET Y GP 
Caninie Be Onz07 -0.852 -0.444 -0. 221 
Can. 1-3 -0.429 0.748 0.188 -0.202 
Can. 3-5 -0.809 -0.262 0.744 -0.339 
Can. 5-10 -0.606 0.380 -0.510 0.082 
@anemelos -0.524 OFIGS -0.997 -1.560 
McLeod Young Weir Ones 100 0.164 05935 
Can. QCPI ee 22 LO2 
Canta Cl Bis OTS) 6.912 
USSraeheabr Oh Se Oe 
UtS.9 9-1 29Mo- -0.449 -0.949 
Us oro 5 0.582 -0.708 
Ue een Cis -0.354 0.086 
Corporate -0.759 -0.264 
Moody's -0.143 OnZe2 


a erm ae 
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FLGURE Tel 


Sample Spectrum of 
U.S. Treasury Bill Interest Rates 


(Estimates Recolored) 


eo - —»9 computed from 37 Lags 
e—oe——» Computed from 48 Lags 
\o«K 

10-3 : 


-—_.+——. computed from 73 Lags 


1072. 
1073 
AE ds Senne SA RS ER is 6 A! OS eee eee Shee Se eee eee eee 
Period 
00 12 6 4 3 24 2 (Mo.) 
(37 Lags) 


The results an Jables: lvand@ii = bringeintosqucscions ne 
existence of a significant linear relationship between the 
rate of inflation, however calculated, and nominal interest 
rates. We accept the null hypotheses (no relationship) for 
the association between interest rates and MCPI, QCPI and 
YCPI in every case. While it might be argued that the sum- 
Mary test statistic 15 dephicient mm hate cOcSenousrecor. 
nize the significance of low frequency coherences vis a vis 
high frequency coherences given the "typical spectrum of an 
economic time series'.8 Figures 2 and 3 show that the in- 
dividual coherences are generally insignificant.? Assum- 
ing the underlying time series are jointly normally distri- 
buted, only those points which lie above the dotted line are 
Signiticant at the 10 per scentslevelms Conceivably 7eone 
could infer from the locations of the few significant coher- 
ences that proximate values of the rate of inflation have 
some effect on nominal interest rates. One must be careful, 
however, not to confuse covariation of two series with other 
time series for a genuine causal) relationship. Whi cathas 
dvehiculuy 1S)-CVer presents inmeccOnOMmets 1C Seer t eis mod bar eiae 
larly acute when trend or seasonal patterns are involved. 


We now turn tO .eStinationy On sequaclOne( 2) mel nemwemad ice 
several criteria available for choosing the appropriate 
value of n in the Hannan regression routine. However, the 
relationship embodied in equation (2) proved to be too weak 
to merit implementation of a full scale program of estima- 
tion. As a contrast to the estimates obtained from Hannangs 
routine, ordinary least squares and Durbin's two-step pro- 
cedure, assuming first-order autocorrelation in the resi- 
duals, were also performed. 


Before considering the estimated coefficients themselves, 
we will provide a heuristic explanation of how the Hannan 


: See Granger [14]. 


One interpretation of spectrum analysis is that it is a 
frequency domain variance decomposition. The low frequen- 
cies of economic time series generally contain a large pro- 
portion of the variance of the time series. Cohesion in 
these frequencies indicates that the factors which dominate 
the overall movements of the time series are related. 


10 


PLGUREW2 
Coherence Functions for Naive Fisherian Hypothesis 
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MCPIc = Annual Rate of Canadian Inflation, (continued) 
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FIGURE 2 (continued) 
Coherence Functions for Naive Fisherian Hypothesis 
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routine works, and consider the contexts in which it may 

have desirable properties. As a point of reference, we will 
consider the case where the standard assumptions for ordin- 
ary least squares are met. When we have independent, identi- 
cally distributed residuals, the theoretical residual spec- 
trum is a constant for all frequencies. (Its theoretical 
value is 02/27.) Similarly, the theoretical signal-to-noise 
ratio has the same shape as the spectrum of the exogenous 
variable. The next simplest pattern for the residuals to 
follow is that of a first order Markov process. Given the 
usual positive autocorrelation (1>p>0) of economic time ser- 
ies, the theoretical residual spectrum declines monotonically 
aS) erequency sincneases- (Tts#theoretical@valuessare 
(1-2pCOS(21n/f) - 02)o2/27) where f stands for the fre- 
quency.) Also, given the typical shape of an economic time 
series, we might anticipate that the signal-to-noise ratio 
would be roughly constant. The residual spectrum and signal- 
to-noise ratio are defined in Appendix C. 


Figures 4 and 5 are representative of the patterns of the 
sample residual spectrum and sample signal-to-noise ratio in 
the relationships we analyzed. The sample residual spectrum 
is not monotonic and contains too many spikes to even be 
approximated by a low-order Markov process. The sample sig- 
nal-to-noise ratio varies by three orders of magnitude and 
generally behaves erratically. The characteristics of the 
residual spectrum and signal-to-noise ratios make estimation 
complicated and difficult, both in theory and in practice. 

It can be shown that the efficiency of ordinary least squares 
estimation with one exogenous variable has a lower bound of 
Ar sh Le Hy AL) 4; where Ay and As are the largest and 
smallest eigenvalues of £.! It can also be established that 
the maximum and minimum values of the spectral distribution 
function approximate the maximum and minimum eigenvalues of 
the variance covariance matrix. Hence, the lower bound of 
the efficiency of ordinary least squares in the case of esti- 


ee en 


10, additional but similar terms enter in the determination of 
the lower bound to the efficiency of the estimation routine 
as the number of lagged exogenous variables included in the 
relationship is increased. The lower bound to the efficien- 
cy will generally be a non-increasing function of the number 
of exogenous variables (because of the relationship between ~ 
the arithmetic and geometric mean of two positive real num- 
bers). See Watson [31]. 
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FIGURE 4 


Sample Residual Spectrum of Canadian 


Treasury Bills with Respect to MCPI 
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FIGURE 5 


Sample Signal-To-Noise Ratio of Canadian 


Treasury Bills with Respect to MCPI 
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mating coefficients for the relationship between Canadian 
Treasury Bills and Canadian MCPI is approximately 0.0017. 

To put this lower bound into perspective, it would be the 
lower bound which would apply if we assumed the residuals 

in a bivariate regression problem were independent and iden- 
tically distributed when they actually came from a first- 
order Markov process with the serial correlation coefficient 
equal to 0.96. Unfortunately, there is no simple way to 
approximate the lower bound to the efficiency of the Durbin 
two-step procedure. While this approach takes account of 
the general shape of the spectrum of residuals, it cannot 
conform to its actual complicated behavior. 


Table III contains the Hannan estimates for the coeffi- 
cients when zero, three, six, twelve and eighteen lagged 
values of the domestic rates of inflation are used as the 
dependent variables. Similar results were obtained for the 
other interest rate series and estimated coefficients for 
relationships with up to 36 lagged rates of domestic infla- 
tion. These are not reproduced here in the interest of bre- 
vity. Representative examples of identical lag structures 
estimated with other procedures are given in Table IV. 


We anticipate that the weights in the formulation of the 
expected rate of inflation are going to be positive. Hence, 
the critical regions will be one-sided. The asymptotic dis- 
tribution of the coefficients estimated with Hannan's routine 
is normal. Testing the null hypothesis (aL < 0) at the five 
per cent. level, we cansreject it for*only “three coeffic- 
ients of the 44 estimated in the Canadian case and two in 
the U.S. case when we use MCPI as the independent variable. 
No coefficient in either case is significant at the one per 
cent level. Both total numbers of significant coefficients 
at the five per cent level are well within the range of ex- 
pected totals generated randomly if the null hypothesis were, 
in fact, true. When QCPI is used as the independent varia- 
ble, the estimated coefficients are somewhat more likely to 
be significant in the U.S. case while remaining generally 
insignificant in the Canadian case. Seven of the 44 coeffi- 
cients presented are significant at the one per cent level 
in the results using the U.S. QCPI. It should be noted, 
however, that all the estimated coefficients are quite small 
in magnitude. It is only when we use YCPI as the exogenous 
variable that large numbers of coefficients fall into the 
rejection region and have reasonably large magnitudes. A 
rationale for the results when YCPI is used is given in the 


ig 


next ‘section. 


The results from the ordinary least squares analysis and, 
to a certain extent, Durbin's two-step procedure convey a 
considerably different picture. The coefficients estimated 
by ordinary least squares using domestic MCPI as the _exao- 
genous variable strongly..support the Naive Fisherian rela- 
tionship for both the U.S. and Canadian data. The results 
from the Durbin two-step procedure are somewhat ambiguous, 
tending on the whole to. give some support to the hypothe-_ 
sized relationship. 


The findings of this section may be summarized as follows. 
We have looked at the sample marginal coherence between in- 
terest rates and rates of domestic inflation. Two approaches 
to this data were adopted, testing the summary statistic and 
testing the individual coherences. Neither lent support_to 
the Naive Fisherian hypothesis. We also translated our spec- 
tral estimates back into the time domain. Unambiguous and 
negative results were obtained with the Hannan estimates for 
the case in which the rate of inflation was calculated by 
extrapolating month-to-month changes in the CPI. However, 
the other more stable measures of annual inflation gave am- 
biguous results with some support for the Naive Fisherian 
hypothesis discernable when YCPI was used as the exogenous 
Variableswuthe ideal situation forsstudying stheterrecteos 
price expectations on nominal interest rates would present 
the researcher with sufficient data to represent both the 
supply and demand sides of the bond market as well as some 
more reasonable (non-linear) way of assessing the price ex- 
pectations of lenders and borrowers. As this ideal is not 
attainable, we must be satisfied with whatever insight we 
can glean from rudimentary formulations of the Fisherian 
hypothesis’ [tis in this’spirit that the analysis asmexe 
tended to the more realistic, but still deficient, single 
equation multivariate regression model. 


FISHER EFFECTS IN A MULTIVARIATE CONTEXT 


In@this section, we will relax thesassumption that yieised 
constant. The approach will be, by necessity, analogous to 
the treatment of reduced form, single equation models common 
in this area of empirical research. Generally speaking, any 
variable vaguely associated with the determination of either 
the supply of or demand for bonds is fair game for inclusion 
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Table IV 


RESULTS FOR ORDINARY LEAST SQUARES AND DURBIN'S 
TWO-STEP PROCEDURE FOR TREASURY BILLS 
REGRESSED ON DOMESTIC MCPI 


Canadian United States 
Ordinary Ordinary 
Least Durbin Least Durbin 
Number Squares 2 step Squares Zeocep 
of Lags Coefficient Coefficient Coefficient Coefficient 
0 Dg 0.001 0.305 -0.005 
OPT, (-0.232) (Sr o) (-1.067) 
5 0.103 0.002 Urslo9 -0.007 
(5Ee1 53 ( 0.428) ( 4.983) (-1.267) 
Ou0g2 0.008 Dele 5 0.006 
( 2.408) (1BR255) (9355259 (17013) 
0.078 OT015 0.128 0.001 
( 2.609) ( 2.098) ( 3.941) (OR LZ3;) 
esas 0.006 Omloy 0.006 
(233929) ( 1-038) (. 52-50 1s) (Seln0505 
6 0.100 0.004 Oneal -0.006 
( 3.819) (S02 555) (52506) (= ali2)) 
0.085 0.010 0.086 -0.008 
(so) (e405) (Ze o0S) (-1.155) 
DS Da. 0.015 0.078 -0.001 
(92..86)} ( 2.164) (92.59 ly) G30 2LOO) 
0.096 0.010 Omnis 0.003 
(52507) ( 1.344) (52 205) ( 0.401) 
0.067 0.004 0.084 -0.006 
(2c 45) (707583) (ere) (-0.862) 
0.080 0.001 0.101 0.006 
(-2.973) ( 40724189 1s) (402) (02925) 
Oeliho 0.007 O-L14 0.005 
(45 7.) GaSe SyvA ( 3.966) ( 0.809) 


Rejection region for a one-tailed test of Ho, AC << Osea tet he 
five per cent level is test statistic > 1.645. The test 
statistic appears in parentheses under each estimated coef- 
SLCLent. 
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TABLE IV (continued) 


Canadian United States 
Ordinary Ordinary 
Least Durbin Least Durbin 
Number Squares Zencey Squares 2 Step 


of ‘bags | Goefficient.. Coehiicient Coerticientssoe! fctennt 


12 0.053 0.005 0.095 -0.002 
(. 2:19) ( 0.757) CaS (=2. 519 
0.067 0.013 0.079 0.000 
(ones) ( 1.828) ( 2.641) ( 0.057) 
0.080 0.020 0.071 0.012 
( 3.459) ( 2.626) ( 2.366) (Tadeo 
0.082 0.017 0.091 0.019 
(3.552) ( 2.059) ( 3.047) ( 220108 
0.073 0.020 0.082 0.013 
(Sal 8a ae st:) (2a S68 ( IeS7e0 
0.079 g). (onta 0.082 0.027 
6 Ganley (lee) (72U8150 CAGES 
0.086 0.018 0.084 0.027 
(se740) ( 2.059) ( 2.890) ( 2.749) 
0.082 0.015 0.083 0.026 
( 3.561) ( 1.714) ( 2.848) (E257258 
0.077 0.019 0.054 0.023 
( 3.316) ORES) ( 1.814) ( 2.528) 
0.070 0.012 0.027 0.018 
( 3.017) ( 1.439) ( 0.924) Ee eal 
0.059 0.006 0.019 0.013 
CLE) ( 0.807) ( 0.650) ( 1.814) 
0.046 -0.004 0.006 0.009 
( 2.003) (-0.550) (0ec ID) ( 124035 
0.045 0.001 -0.037 0.001 
( 1.903) ( 0.215) (e266) (-0 27 
18 0.048 0.005 0.094 -0.004 
( 2.006) (eon ed | ( Sueney (-0.696) 
0.051 0.013 0.086 -0.000 
2183) (y8733) fe Daily (-0.027) 
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TABLE IV (continued) 


Canadian United States 
Ordinary Ordinary 
Least Durbin Least Durbin 
Number Squares 2 Step Squares Z25Lep 


of Lags Coefficient Coefficient Coefficient Coefficient 


i 


18 0.063 0.021 0.067 Oth 
( 2.6) ( 2.684) ( 2.1219 EEE) 
0.067 0.017 0.087 0.016 
( 2ng27)) ( 2.041) ( 267823 (ale731) 
0.061 0.013 0.088 0.012 
( 2) ( 1.494) ( 2.824) ( 1.270) 
0.063 0.011 0.081 0.024 
foes ay) (le 57) ( 2.608) ( 2.403) 
0.069 0.019 0.074 0.022 
@ree sin) ( 2.030) ( 2.407) G12 1079) 
0.074 0.017 0.081 Ome 
( 3.148) Ces ( 2.694) ( 1.690) 
0.074 0.022 0.048 0.011 
CAS ( 2.300) ( 1.597) ( 1.126) 
0.067 0.014 0.024 0.005 
(R73) ( 1.516) ( 0.802) ( 0.574) 
0.060 0.009 0.015 -0.001 
( 2.595) (0 os) ( 0.491) (-0.78) 
0.046 -0.001 0.011 -0.006 
( 1.95) (-0.078) ( 0.351) (-0.664) 
0.039 0.005 -0.032 -0.015 
( 1.609) ( 0.584) pee oss) (21-789) 
0.037 0.005 -0.028 -0.018 
6 ahs) ( 0.611) (-0.905) (eos 12) 
0.025 0.001 -0.001 -0.016 
( 1.026) ( 0.065) (-0 027) (20 581:0 20 
0.024 0.003 0.007 -0.009 
( 0.997) CUA ( 0.213) (area 
0.017 0.001 -0.005 -0.014 
( 0.683) (0m te) (Onley) (-2.022) 


ou 


TABLE IV (continued) 


a 


Canadian i United States 
Ordinary Ordinary 
Least Durbin Least Durbin 
Number Squares Js, PoNES) 0) Squares 2m ueL 


of Lags Coefficient Coefficient Coefficient Coefficient 


18 0.018 0.001 0.017 -0.003 
( 0.739) ( 0.214) ( 0.565) (20-5 nis 

0.027 0.004 0.039 0.002 

felis) ( 0.624) (ea 22)) ( 0.335) 


in a reduced form equation.11 


Several factors limit the number of exogenous variables 
which we can include in the relationship in the present ana- 
lysis. First, only.a few economic time series are compiled 
monthly so as to be compatible with the series on bond rates 
and rates of inflation. Second, the programming difficulties 
increase quite rapidly as more variables are included in_a 
relationship because we have to invert and manipulate Her- 
mitian matrices having the same order as the number of exo- 
genous variables. Finally, ourngabi lity stoljdiscriminatespes 
tween the null hypothesis and various alternatives _is_rapid- 
ly eroded _ by. inclusion of moreexogenous variables. This 
problem arises because, given the number of lags used in the 
estimation phase, the number of observations and the lag 
window employed, the analysis starts with only 11 effective 
degrees of freedom (E.D.F.). ‘The inclusion of each addition- 
al exogenous variable diminishes the degrees of freedom 
applicable to conditional statistics by one. Given these 
limitations, two approaches are feasible and both have been 
explored. One approach is to include those variables which 
are most important on theoretical or empirical grounds. An- 
other approach is to extract principle components from the 
set of possible independent variables or from certain sub- 
classes of these variables. 


aaSee mmenernenecey Fhe (MO. (A0H). IMT i., Weis eal 1625). 
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The class of time domain models we will consider in this 
section, with the exception of the results using principal 
components as two of the independent variables, are those 
generated by: 

No Ny Ne 
Teen D beee ay AP /iP + 
t pt ctl / Jae cas d RPCG, - a c RPCM, (3) 
1 5 5 
where RPCM is real, per capita M> and RPCG is real, per cap- 
ita Gross National Product.12 The superscript indicating 
maturity, L, is suppressed to keep the notation manageable, 
and we leave the N's, a's, d's and c's virtually unspecified, 
requiring only that they be real constants. 


The analysis in this section is based on several types of 
coherence functions. We shall require a measure of that 
part of the association between two time series which is in- 
dependent of (orthogonal to) the covariation generated by 
mutual relationships with other time series.13 This role 
is performed by the partial correlation coefficient in the 
time domain, while in the frequency domain the role 1s fale ed 
by the partial coherence function. We also need to appraise 
the strength of the overall relationship between interest 
rates and their hypothesized determinants. This is accomp- 
plished by the multiple correlation coefficient in the time 
domain. The quantity we use in this analysis is the multiple 
coherence function. 


There are two reasons why the multivariate time-domain 
analysis is inferior to the frequency-domain approach adopted 
in this paper. Besides the problem of specifying the deter- 
minants of interest rates, we must cope with the problem of 
specifying the lag structure for each of these exogenous 
variables. Without such a priori specification, the number 
of feasible and reasonable time-domain models is large. 
Indeed, no optimal procedure exists for sorting through the 
models, and we would be forced to fall back to ad_hoc proce- 


ee 


ue The derivations of proxies for RPCG and RPCM are dis- 


cussed in Table A.1 of Appendix A. 


15 ; ; ; : 
A more detailed discussion of these functions can be 


found in several books and articles [1], [4], [9], [13], [15] 
and in Appendix B. 


ays 


dures. However, as long as we can estimate the relevant 
spectrums and cross-spectrums with accuracy, we can test all 
such time-domain models simultaneously against the null hypo- 
thesis that none of these models are adequate using the in- 
variance property of the coherence functions. We are able 

to accept or reject a whole class of models or to decide 
whether a specific variable contains any significant, inde- 
pendent explanatory power .14 On the other hand, we cannot 
discriminate at all between different variants from the class 
of models which contains a particular set of exogenous vari- 
ables. 


The second advantage of the frequency-domain approach is 


that we can examine the covariation of the series at each 
frequency. This is of value when checking the validity of a 


model by seeing if some important aspects of the variation 

of the dependent variable have been left unexplained (using 
the relative values of the spectrum of the dependent variable 
as the criteria of importance). More important for the pre- 
sent analysis is the ability to see what the introduction of 
other time series does to the partial coherence function in 
each frequency band. 


This second advantage to frequency-domain analysis is, 
however, not without its drawbacks. While we can test each 
estimated coherence for significance, we again need a method 
to summarize the information embodied in the coherence func- 
tion to get a crude idea of the overall strength of the re- 
lationship. The test statistic in the previous section can 
be used here with some minor modifications which are explain- 
ed in Appendix B.19 
male interest rates respond at® alg@=tonthe: level ssonen eeu 
and RPCM, they probably respond to movements which are viewed 
as permanent. As long as the permanent components are extr- 
acted from the monthly values by linear operations, we can 
use the invariance property of the coherence functions to 
test the whole group of variables. A brief discussion of 
the invariance of coherence function is provided in Appendix 
B. 


The qualifications outlined in the previous section 
apply here also. Relevant supporting evidence obtained from 
the non-parametric test mentioned in the previous section 
and discussed in Appendix B is presented in Table B.1. 
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The summary test statistics for the multivariate analyses 
are presented in-—Table V. Several features of the results 
are,Oobvious. First, the test statistics for the multiple 
coherence functions are generally large and positive for the 
U.S. series. However, no similarly) strong association 
emerges for the corresponding Canadian series. This finding 
indicates that a considerably stronger relationship exists 
between the various combinations of exogenous variables and 
TMGeres teeta ces ine thes Shane eGanad de) Sees GG 
dicta blesresu ltmbecaulce: we expec trams trongmucnccicy ator 
Canadian rates to follow closely movements of the rates on 
U.S. bonds of similar maturity. This tendency is explored 
in the fifth section of this study. Second, the_summary 
test statistics for the partial coherence between various 
indicators of the rate of domestic inflation and interest 
rates are negative and relatively large in magnitude. The 
effect of conditionalizing the impact of the rate of domestic 
inflation on interest rates is the eradication of an already 
weak relationship. 


The partial coherence functions between domestic MCPI and 
selected representative interest rate series conditionalized 
on RPCG and RPCM are presented in Figure 67) Figure 7 con- 
tains the complementary multiple coherence functions. We 
would expect the partial coherence function to have randomly 
two points above the dotted line, which indicates the bound- 
anyeoOrecne critical region Lom testing ithesnuliehypotnecis 
at the 10 per cent level, even if the null hypothesis were 
eric. It is remarkable that none of the partial coherence 
functions in Figure 6 has as many points as expected in the 
critical region. Since results for the non-parametric test 
for the multiple coherence functions when Canadian interest 
rates are the dependent variables corroborate the conclusions 
drawn from the parametric summary statistics, we will res- 
trict the rest of the discussion in this section to results 
BOleeioe ScClLes.. 


When the smoothed measures of inflation, QCPI and YCPI, are 
used in combination with RPCG and RPCM, the summary test 


ER 


as If every other point at which the coherence function is 
estimated is taken as an independent observation on a random 
variable having the binomial distribution with P = 0.1, the 
expected number of points above the dotted line is 1.9 in 
Oliiwecas 6. 


Ne 


TABLE V 


Multivariate Summary Statistics 


UZS= Bonds 


Treasury Bill 
9-12 months 
5-5 years 

10+ years 
Corporate 
Moody's 


Gandadianebondse 


Treasury Bill 
1-3 years 

3-5 years 

2-10 years 

10+ years 
McLeod, Young, 
Weir 


One Tail Test, 
Reyeccrvonsot 
Hg (no rela- 
tionship) is 
eSteotatistac 
> 16452 
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Partial Multiple 


OIKY| 2.285 
-3.049 2.035 
Slerot 1.26 

-1.997 1.26 

-2.698 D717 
-0.572 2.814 
-3.709 -1.451 
-3.67 27) WG 
o2m54e 220224 
=20021 -2.44 


Domestic or MCPI 
conditionalized and 
in combination with 
domestic RPCG and 
RPCM. 


if 


Partial Multiple 


-1.903 1.747 
-1.86 0.746 
-1.874 0.9357 
cede Cad — 1.959 
-3.437 -3.02 
2.505 -1.193 


Domestic MCPI condi- 
tionalized and in 
combination with 

the first two 
principle compon- 
ents, chosen from 
RPCG, RPCM, and 
changes in RPCG 

and RPCM. 


TABLE V 


(continued) 


TTT IV 


Partial Multiple Partial Multiple 


UPS eabonds: 

Treasury Bill -1.903 2.149 -3.629 0.423 

9-12 months -3.174 hg aul -3.946 eho 

3-5 years -2.116 10 7a -3.509 OSES 

10+ years -2.747 0.146 -2.970 -0.243 

Corporate =o nllys alo Ul -2.589 = lee OF, 

Moody's -1.846 1.992 -0.620 2.891 

Canadian Bonds: 

easurveba Li -3.106 ilk SAS: -3.667 -1.384 

1-3 years =p ae Ol -3.124 =e -2.106 

3-5 years -3.47 -2.815 -2.867 -2.451 

5-10 years -3.679 -1.49 -3.018 -1.006 

10+ years -2.818 -2.439 =i ott ioul -1.696 

MeLeod, Young, 

Weir -1.817 =25526 ll Or -2.358 
Domestic QCPI con- Domestic YCPI 
ditionalized on and conditionalized 
in combination with on and in con- 
domestic RPCG and bination with 
RPCM. domestic RPCG 

and RPCM. 
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statistics and graphs of the partial coherence functions 
support roughly the same conclusions.!’ In fact, YCPI, the 
measure of inflation which previously performed best in terms 
of estimated regression coefficients, comes through with the 
weakest (partial) association in this multivariate context. 
The marginal coherence functions of interest rate series with 
YCPI characteristically have large and significant values 

in the low frequencies. (For example, see Figure 3.) How- 
ever, the bivariate summary statistics reflect the overall 
lack of cohesion. The reason we tried alternative measures 
of inflation was to eliminate some of the erratic behavior 
present in the MCPI series. One of the effects of the smooth- 
ing procedures in the frequency domain is to increase mark- 
edly the proportion of the total variance of the smoothed 
measures of inflation attributable to low frequency compon- 
ents. The association in the low frequencies and the alter- 
ed spectral shape of the smoothed measure of inflation act 
in concert to cause a dramatic change in an estimated func- 
tion central to the Hannan regression routine - the signal- 
to-noise ratio. A representative signal-to-noise ratio for 
bivariate relationships involving MCPI tends to increase as 
frequency increases (Figure 5). A relatively flat Signal- 
to-noise ratio is obtained when YCPI is used as the indepen- 
dent variable!® (Figure 11). The result of this alteration 
in the signal-to-noise ratio is that any relationship which 
exists in the low frequencies is given more weight in deter- 
mining the coefficients estimated with the Hannan routine.19 
This is the reason why the estimated coefficients are more 
significant when YCPI is the independent variable, despite 
the lower bivariate summary test statistics vis a vis MCPI 
and QCPI. 


We have chosen not to consider the bivariate regression 


i 


a The results using U.S. QCPI are quite similar to those 


obtained when U.S. MCPI was the third independent variable. 

A detailed discussion is, therefore, unnecessary. 

18ohere are two ways to alter the signal-to-noise ratio - 
change the value of the residual spectrum or change the val- 
ue of the spectrum of the independent variable. In this case, 
most of the alteration in the signal-to-noise ratio was due 
to changes of the second sort. 


19 ; 
See the discussion in Appendix C. 
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results using YCPI as the independent variable as evidence 
supporting the Fisherian hypothesis. A reason for this is 
indicated in Figure 8, which contains both the partial and 
multiple coherence functions for selected interest rate ser- 
ies and YCPI, RPCG and RPCM. The partial coherence functions 
generally have low values in the low frequencies without an 
increase in the strength of the relationship in higher fre- 
quencies. In addition, the multiple coherence function of 
YCPI with RPCG and RPCM has large values in the low fre- 
quencies. This observation leads us to the conclusion that 
the generally significant coefficients obtained in our bi- 
variate application of Hannan's estimation program reflect 
spurious marginal associations in low frequency components 
due to inadequate specification in the Naive Fisherian model- 


Although it is possible to extend Hannan's method to esti- 
mate efficiently the parameters in the present single ecqua— 
tion model or in multi-equation models (9) , the computations 
are complicated and the problem of model specification (esp- 
ecially a priori’ restrictions on the lag structure  aresam ems 
present. On" the other handy the sres duals spect rules: ae 
in a way which is analogous to that outlined in Appendix C, 
behaves erratically, prohibiting efticient: ¢stimat1onepye os 
sophisticated techniques. For these reasons, no attempt was 
made to analyze these classes of multivariate models in the 
time domain. 


Two major conclusions can be drawn from the analysis in 
Chis *secvidree FarstesU eee Ss abe SG) ccmUciiC Eclmms 
cohere significantly with the classes of independent varia- 
bles we considered. On the other hand, Canadian interest 
rates, when analyzed in the frequency domain, cannot be re- 
presented adequately by the samesclasses ot Varia) Co uoces 
cond, no measure of the rate of inflation which we consider- 
ed possesses any significant amount of independent explana- 
tory power when included in multivariate models. This con- 
clusion corroborates the conclusion of the previous section 
aS weican find nossupport tor the content lone tigi lincas 
combinations of the actual rate of inflation have signifi- 
cant associations with interest rates in the frequency do- 
main. The uniformly low values of the partial coherence 
functions at virtually every frequency lead us to concine 
that no significant time-domain association would emerge in 
a properly estimated multivariate model. 
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THE GIBSON PARADOX 


The association between the level of domestic prices and 
domestic interest rates, labelled the Gibson Paradox by 
Keynes, has been analyzed historically with the bivariate 
correlation coefficient. We will look at this relationship 
in the frequency domain both in the customary bivariate con- 
text and in a multivariate context. 


The bivariate and partial coherence function between the 
domestic price level and several bond rates are displayed 
in Figures 9 and 10 respectively. The bivariate coherence 
functions share one common characteristic: extremely large 
values in the very low frequencies with periods correspond- 
ing to two or more years. A peak in the coherence function 
also occurs at the frequency corresponding to a four-month 
cycle probably representing similarities in seasonal patterns 
Obeunescescrics. 


The corresponding partial coherence functions have consid- 
erably different shapes. They characteristically have rela- 
tively low values in the low frequencies with a peak in the 
coherence function in the vicinity of the frequency which 
corresponds to a one year period - again probably reflecting 
similar seasonal patterns. Comparisons of these two sets of 
figures support the general proposition that the confluence 
of two time series with general economic activity has been 
singled out for special attention. Indeed, this 1s one of 
the explanations Keynes [23] provided for the paradox. 


Table VI contains the summary test statistics for the Gib- 
son Paradox. As in the previous section, results for the 
Canadian series are quite weak. Also, the summary statistics 
and the non-parametric test tabled in the appendix support 
the conclusions obtained from these figures. No significant 
relationship exists between the price level and interest 
rates outside the relationship both have with RPCM and RPCG, 
with the possible exception of the Moody's series. In addi- 
tion, the low frequency values of the multiple coherence 
funcrionmconetheslevel of thesU7S -mGPi. wi Che these ome RR EG 
and RPCM are quite large, and the function has a summary test 
statistic value of 5.53. Although Keynes found the conflu-— 
ence explanation somewhat unpleasing, it appears to be a per- 
fectly adequate explanation of the phenomena. 


We note in passing that the level of domestic CPI has an 
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even larger proportion of its total variance attributable to 
low frequency components than does domestic YCPI. There is 
a dramatic alteration in the signal-to-noise ratio and if 
regression coefficients were estimated with the Hannan rou- 
tine even heavier weights would be applied to low frequency 
associations in the determination of the estimated coeffici- 
CNesm( hLeUrearl le) 


CANADIAN AND UNITED STATES INTEREST RATES: 
TERM STRUCTURES AND INTERRELATIONS 


If we assumed that capital-market participants had perfect 
foresight and that their transactions were costless, we ~ 
would anticipate that the rate of return, including capital 
gains and gains due to changes in exchange rates, on bonds 
of any maturity from any country would be equal. The equil- 
ibrium rate of return resulted would be the rate of return 
determined by the international demand for and supply of 
capital. Complete equalization of the rates of return both 
across and within separate capital markets does not occur 
because conditions in the real world do not meet these 
assumptions. This section of the paper analyzes the equal- 
ization mechanism across and within the U.S. and Canadian 
capital markets. This study is descriptive; no formal models 
are developed although some relevant hypotheses are tested. 


Once we introduce uncertainty about future interest rates, 
exchange rates, rates of inflation and solvency of issuers, 
we are faced with the nebulous and tautological proposition 
that the a priori rates of return on all bonds = in’ terms of 
utility - are equal. We can try to control some types of un- 
certainty and adjust the interest rates series (the observed 
quantity we are forced to use as a proxy for the rates of 
return) for other risks. By restricting our attention to 
government bonds and other high quality bonds we try to elim- 
inate uncertainty about the solvency of the issuers. When 
comparing Canadian and U.S. rates, we adjust Sther Us Sor aces 
for expected changes in the exchange rate. Of course, dif- 
ferent rates of inflation provide the major long-run reason 
for exchange-rate adjustment and it would seem natural to 
dispose of both the internal and international uncertainty 
about real rates of return by taking account of this factor. 
However, the results of earlier sections indicate that there 
is no linear model which can be relied upon to adjust nom- 
inal interest rates for anticipatederates Of intlaulonemel os 
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we will restrict the analysis to nominal interest rates on 
bonds which are free from the risk of issuer insolvency and 
are adjusted for expected exchange rate movements. 


International interest rate linkage and linkage of rates 
on bonds of different maturities within a given country have 
been studied in depth, both theoretically and empirically. 
Our analysis employs some of the spectral techniques used by 
Granger and Rees [16] and extends the treatment to inter- 
country rates of interest. We appraise the frequency domain 
association between interest rate series for bonds of differ- 
ent maturities inside the United States and inside Canada, 
and for bonds of similar maturities across these two markets. 
The results of the spectral analysis are translated back into 
the time domain in order to facilitate understanding of the 
equalization mechanism and evaluation of period of adjust- 
ment. Naturally, both the U.S. and Canadian rates adjust to 
each other, but the amount of adjustment varies inversely 
with the size of the capital market. For convenience, we 
assume that if any equalization occurs, interest rates in 
the smaller Canadian market adjust to the rates on comparable 
bonds in the United States capital market. As in previous 
sections, estimates are based on 37 autocovariances and 
lagged cross-covariances computed from 223 monthly observa- 
CIOUSeI ithe period strom January 119525to July 970. 


Since) i1tmis quite ditficult to antérpret phase funetions, 
the timing of relationships is studied only in the time do- 
main. The focus of the frequency domain analysis will be 
on the strength of the relationship between the interest 
rate series. Other researchers have chosen to condense the 
information from the bivariate coherence functions by divid- 
ing the frequency domain into segments which correspond to 
cyclical movements economists customarily refer to as long, 
medium and short-run components (see [16]). This approach 
has one primary advantage: it allows us to see how the co- 
hesion of the series varies over different cyclical compon- 
ents without inundating us with information. The drawbacks 
are that we still have three numbers and, more important, 
that divisions into different components are arbitrary. We 
get around these problems by using the assumed joint normal- 
ity of the series to form the summary test statistic used 
earlier. 
aucee Haus cemzilels 
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and United States bonds with similar characteristics: trea- 
sury bills, 3-5 year bonds, 10+ year bonds, and high grade 
corporate bonds. All the U.S. series were adjusted for var- 
TAvlOlseine thew exchange rate m= \eamake stiles supposlctolmtlia G 
no opportunity for a covered arbitrage would go unexploited 
in a world characterized by zero transactions costs and com- 
petition between interest arbitragers. This supposition 
allows us to conclude that the difference between the domes- 
tic and foreign rates of interest equals the per annum prem- 
ium (or discount) on domestic currency (See [29]). There 
will be approximate equality between adjusted intercountry 
interest rates when there are small, but non-zero transaction 
GOS eS. 


The adjustment is made by the use of the ninety-day forward 
Ga cCesPOLNexXcianves ana Spot rates. ay DLOCeCdULe sO ten tine. 
ly satisfactory for interest rate series other than the 
three-month treasury bill series. Unfortunately, the for- 
ward rate series one needs for adjustment of long-term bonds 
does not exist because currency transactions do not gener- 
ally occur that far into the future. We feel that the cor- 
rect direction of the adjustment is the same as that which 
is used for the treasury bill series. Hence, all U.S. series 
are adjusted by the same factor. 


Table IX contains the summary test statistics and average 
coherences over the low frequencies for the relationship be- 
tween the four Canadian and United States series. All the 
test statistics are significant at the one per cent level. 
The relatively low test statistic values for the 10+ and 
corporate bonds are a result of our inability to adjust pro- 
Derly.tom exchange rate risk. = Iinetact.. thesunad | ustcdaser— 
ies for these bonds have considerably higher values of the 
Pestmataurstic, 9.5/9 and 61095. |nteroduction, Ofetnescoc 
rection factor for U.S. 10+ and corporate bonds has two 
effects. One is to decrease marginally the magnitude of the 
estimated cross spectra with their Canadian analogs. The 
OLnCE 1S—touincrease markedly theavaluessotatne spectralon 
the United States series in the high frequencies relative 
to their low frequency values. The two effects act in con- 
cert to diminish the values of the estimated coherence func- 
rOononmecspecia lly ain thes one nnequenelese 


“2 gpot and Forward) ratesmot. exchangestor UTS edollarsein canada 
were obtained from the research department of the Bank of 
Canada. 


Do 


TABLE IX 
Summary Statistics: U.S.-Canadian Interrelations 


(Test Statistics with Average Coherences in Parentheses) 


in nnn eI EI naIEIEIIIS InN Sa SONOS ERS REER ENERGIE OREER 


U. Sse Ba eunSao so UPSei0e W.S. Comps 


Adj. Adj. Adj. Adj. 
GANA TB 5.43 
(0.897) 
CAN. 3-5 cites 
(0.856) 
CAN. 10+ 3.483 
(0.690) 
McLeod Young Weir 22929 
(0.754) 


a 


The improvement in the summary test statistics for the re- 
lationship between the Canadian and the adjusted U.S. trea- 
sury bonds and 3-5 year bonds is not dramatic relative to 
values for the unadjusted series (5.83 and 5.17 respectively.) 
However, it is factuous to choose between the adjusted and 
the unadjusted U.S. series on the basis of the test statis- 
tic because the values are so high that we would be trying 
to discriminate between levels of type I error of the order 
of 0.001 versus 0.00001. Thus, we shall continue the analy- 
sis using the adjusted series with the caveat that we may well 
have inadvertently introduced an error in variables problem 
involving the U.S. 10+ and corporate bond rate series by im- 
proper adjustment for exchange risk. 


Figure 12 presents the coherence functions for the intra- 
country comparisons. Roughly every other point on the esti- 
mated coherence function is independent, and those points 
above the dotted line are statistically significant at the 
10 per cent level. The estimated low frequency coherences 
are generally significant. 


We now turn to estimation of parameters for intercountry 
and intracountry relationships between interest rate series 
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in models of the form: 
7 
eek meets bok + a (4) ; 


where a is a constant, Beene distributed-lag coefficients, 
r and s are unspecified integers, X;,_, is the value of the 
independent variable at time t - v, and Yy is the value of 
the dependent variable at time t. It should be noted that 
these models allow for distributed leads as well as lags in 
cases where s < 0. Primarily statistical considerations 

lead us to include future values of the independent variable. 
This procedure can be justified on economic grounds if we 
make several assumptions about how market participants de- 
cide what constitutes a reasonable nominal rate of return on 
a given bond relative to the nominal rate of return on key 
alternative types of investment. First, investors may re- 
quire a liquidity premium on relatively long-term bonds which 
may be invariant with respect to the general level of inter- 
est rates. Such a premium would be picked up by the constant 
term. Second, both sides of the market base their judgments 
about a reasonable nominal rate of return on a given bond 
(denoted by Y) partially on extrapolative and partially on 
predictive analysis of the rate of return on the skey alter- 
native investments (denoted as X). In other words, while 
the participants in the market recognize the strong long- 
term trend factors dominating interest rate movements for 

all bonds, they also recognize that non-quantifiable, though 
assessable factors affect the future course of X which, in 
CUDA Lec Usmclc eLULUnc eCOUNSe of Y. The market partici- 
pants may then arrive at a market interest rate for a given 
bond Y which reflects past rates as well as predicted rates 
of X. In this analysis we use actual future rates as proxies 
for the predicted rates. Further, we also assume that the 
rate of interest which the participants arrive at in the 
marketplace is a weighted sum of past and future values of 

Xe 


The summary test statistics in the previous section indi- 
cate that there are many strong relationships between inter- 
country and intracountry interest rate series from which to 
choose. We explore only a small subset of these models. 

One group of models we analyze embodies the proposition that 
major movements in the term structure of interest rates ori- 
ginate with movements in the rates of interest on the most 
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TABLE IX 


Summary Statistics: U.S.-Canadian Interrelations 
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(Test Statistics with Average Coherences in Parentheses) 
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The improvement in the summary test statistics for the re- 
lationship between the Canadian and the adjusted U.S. trea- 
sury bonds and 3-5 year bonds is not dramatic relative to 
values for the unadjusted series (5.83 and 5.17 respectively.) 
However, it is factuous to choose between the adjusted and 
the unadjusted U.S. series on the basis of the test statis- 
tic because the values are so high that we would be trying 
to discriminate between levels of type I error of the order 
of 0.001 versus 0.00001. Thus, we shall continue the analy- 
sis using the adjusted series with the caveat that we may well 
have inadvertently introduced an error in variables problem 
involving the U.S. 10+ and corporate bond rate series by im- 
proper adjustment for exchange risk. 


Figure 12 presents the coherence functions for the intra- 
country comparisons. Roughly every other point on the esti- 
mated coherence function is independent, and those points 
above the dotted line are statistically significant at the 
10 per cent level. The estimated low frequency coherences 
are generally significant. 


We now turn to estimation of parameters for intercountry 
and intracountry relationships between interest rate series 
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in models of the form: 
if 
Yorgi a? (4); 


where oa is _a constant, cee distributed-lag coefficients, 
r and s are unspecified integers, X;4_, is the value of the 
independent variable at time t - v, and Y+ is the value of 
the dependent variable at time t. It should be noted that 
these models allow for distributed leads as well as lags in 
cases where s < 0. Primarily statistical considerations 
NWeadsusmtominclude futuresvalues of the independent variable. 
This procedure can be justified on economic grounds if we 
make several assumptions about how market participants de- 
cide what constitutes a reasonable nominal rate of return on 
a given bond relative to the nominal rate of return on key 
alternative types of investment. First, investors may re- 
quire a liquidity premium on relatively long-term bonds which 
NavyeberinvarlanteWacherespect to the ceneral, LevelvoLr inter— 
est rates. Such a premium would be picked up by the constant 
term. Second, both sides of the market base their judgments 
about a reasonable nominal rate of return on a given bond 
(denoted by Y) partially on extrapolative and partially on 
PGedigstin Cal auvo lsu PeLlomtoteeOn CetUIT ONmtNeomhCyedluerS 
native investments (denoted as X). In other words, while 
the participants in the market recognize the strong long- 
term trend factors dominating interest rate movements for 
all bonds, they also recognize that non-quantifiable, though 
assessable factors affect the future course of X which, in 
Pte uuectomtlestitcuLre  COUnScCeOt es | Nesmatketepamilcr. 
pants may then arrive at a market interest rate for a given 
bondeyewhich reflectsepast wateseas wellwas predicted rates 
of X. In this analysis we use actual future rates as proxies 
Tore thes predreted=14¢es- ss buxther ewe alsoeassume: thacetne 
GabemOreintenesc wWoichethenpantiCipants sarnMiverdtadnuche 
marketplace is a weighted sum of past and future values of 
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The summary test statistics in the previous section indi- 
cate that there are many strong relationships between inter- 
country and intracountry interest rate series from which to 
choose. We explore only a small subset of these models. 

One group of models we analyze embodies the proposition that 
major movements in the term structure of interest rates ori- 
ginate with movements in the rates of interest on the most 
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liquid type of bond. Hence, we estimate models taking the 
domestic treasury bill rate as the independent variable, X, 
and other domestic government and high quality bond rates 

as the dependent variables, Y. The other group of models 
encompasses the proposition that Canadian interest rates ad- 
just to U.S. interest rates. We can approach this group in 
either of two ways. We could suppose that the rates adjust 
ultimately to the adjusted U.S. Treasury Bill rate, or we 
could suppose that they adjust to rates on bonds with com- 
parable characteristics. The first supposition is a compo- 
site of the proposition underlying the first group of models 
and the supposed intercountry ties. The data could support 
either premise, but we present results for models using the 
adjusted rates on bonds with similar characteristics because 
they rest on somewhat more direct and simpler hypotheses of 
behavior. 


We again use the generalized regression technique suggest- 
ed by Hannan f18,20], which relies heavily on the sample re- 
Sidual spectrum and signal-to-noise ratios. A representa- 
tive example of each of these functions for the models we are 
now considering is presented in Figure 13. Time domain mo- 
dels with independent and identically distributed residuals 
or residuals which follow a first order autoregressive scheme 
correspond to residual spectrums which are flat or monotonic, 
respectively. The estimated residual spectrums for the mo- 
dels we consider were neither flat nor monotonic, indicating 
that the residuals follow no simple pattern. As in section 
two, estimation of parameters by the usual techniques would 
be inefficient. 


The results of our generalized least squares analysis are 
presented in Table X. The estimated coefficients, b,, along 
with their test statistics in parentheses, are displayed in 
labelled columns. The test statistic is the test of the null 
hypothesis that the specific regression coefficient is less 
than or equal to zero, and the statistic should be compared 
to the standard normal distribution. The constant of the 
regression, a,, is also presented. The criterion mentioned 
in Appendix C is included for each regression. hespen 
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2erhe criterion is the summary test statistic for testing 
whether the coherence between the exogenous variable and the 
residual proces is zero. The estimated model which (cont'd) 


a, 


cent of variance explained is the ratio of the explained to 
the total variance of the dependent variable. It can be 

used as a rough measure of the independent variable's capa- 
city to account for variation in the dependent variables. 

The last rows in the table are the sum of the regression co- 
efficients and a test of the hypothesis that the coefficients 
sum to unity. .Thelasymptotict distributionsom this testmseace 
istic is also the standard normal distribution under the null 
hypothesis, and hence, the critical region at the five per 
Centwleve le Smtnemmres PON ih. Keer melo OO amen een ny 


Some general observations about these results are in order. 
First, the estimated regression coefficients meet our a pri- 
ori expectation in that they are usually positive and less 
than one. The largest and most significant coefficient is 
that associated with the contemporaneous value of the inde- 
pendent variable. Also, the value of the contemporaneous 
regression coefficient decreases as the lengths of maturity 
of the dependent interest rate series increases. The fit of 
the equations is reasonably good, and the values of the cri- 
teria indicate that we can accept the hypothesis that the 
residual and the exogenous variable are independent at the 10 
pemicent devel in) alle bug oneecasc- 


The within-country equations possess many of the properties 
we ascribe to them on an a priori basis. The estimated con- 
Stant generally increases as the length of maturity increases. 
Since we use the treasury bill interest rate series as the 
independent variable, we expect the strength of the time do- 
main association, measured by the per cent of variance ex- 
plained, to decrease as we move to longer-term bonds. This 
expectation is realized with one exception. It might also 


22 (Continued) 

is tabled is the model which minimized this criteria from 
the class of parsimonious models. The word "parsimonious"! 
1s used to indicate that we did some preliminary screening 
of the models. The rough criterion for this screening was 
that the model should have a high proportion of its coeffic- 
ients (negative or positive) significantly different from 
zero. Every estimated model could have been tested, but com- 
puter costs would have been unacceptably large, and we would 
Still have no assurance that the global minimum of the cri- 
terion had been found. 
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FIGURE 13 
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be suspected that the coefficients for the values of the ex- 
ogenous variable would sum to unity. We accept this suppos- 
ition at the five per cent level in only one of the seven 
cases. We reject this hypothesis for all of the Canadian 
equations. 


Three of the four intercountry equations provide support 
for the posited complete equilibrium of Canadian rates to 
adjusted, U.S. rates. | it can bev argued) thatethe constanGere. 
flects how well we adjusted the U.S. series for the risks 
involved in investing in Canadian securities. That argu- 
ment runs along the line that the adjusted U.S. series should 
have a mean quite close to the mean of the similar Canadian 
series. If the equilibrium of international interest; rates 
were complete, the true value of the estimated constant would 
be near zero. The estimates of the constant are quite dif- 
ferent from zero in three of the cases: 


Although the percentage of explained) variance is general 
somewhat less than that obtained for intracountry distribut- 
ed lag equations, we conclude from both our time and frequen- 
cy domain analysis that movement of Canadian interest rates 
can be adequately explained by the movements of rates on com- 
parable U.S. bonds. 


CONCLUSION 


We must first stress the limitations of this analysis - 
particularly of the first sections. The relationship between 
the expected rate of inflation and nominal interest rates is 
the central focus of the first sections of this study. We 
have had to be content with testing variants of the most rud- 
imentary formulations of this hypothesis, deriving price ex- 
pectations from linear combinations of actual rates of infla- 
tion and making other rather unpalatable assumptions about 
the determinants of the real rate of interest. The use of 
monthly data may be considered another limitation; however, 
this is not necessarily a disadvantage when something as po- 
tentially volatile as expectations or as capable of rapid 
adjustments as capital markets are studied. Indeed, annual 
or quarterly data would probably be too smooth to pick up 
the effects we have studied.2% In addition, monthly data 


25 
As Mundlak [25] points out, the period of adjustment is 
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do not necessarily hopelessly bury relationships in noise. 


Within these limitations, we can draw several conclusions. 
First, using monthly rates of change of the CPI as the mea- 4 
sure of inflation, we find no evidence of linear effects of Y 
actual inflation on nominal interest rates either in bivari- 
ate or in multivariate contexts. Second, we find no rela- 
tionship when quarterly rates are taken as the measure of in- 
flation. Finally, we find that YCPI and nominal interest 
rate series have no significant relationship. The results 
involving YCPI were the only ones upon which an argument for 
the supposed relationship could be made. However, what sup- 
porting evidence we found in the bivariate regression coeff- 
icients must be heavily discounted. As we move toward smooth- 
er measures of inflation, transformations of the spectrum of 
the measures are such that Virtually unchanged interrelation- 
ships are able to produce significant regression coefficients. 
Because they rest on associations which are severely eroded 
by inclusion of other relevant variables, we conclude that 
the results using YCPI were the product of misspecification 
in the bivariate model. Indeed, the thread that ties toge- 
ther our analysis of the Fisherian hypothesis and the Gibson 
Paradox is just that observation: While smoother measures 
of a variable may allow a researcher to produce a significant 
relationship in the time domain, such relationships rest on 
low frequency associations whose source is often identifiable 
only by prejudice. 


If the reader's prejudices are such that he finds support 
for the Naive Fisherian hypothesis in this analysis he still 
should draw an ancillary conclusion: the lags in response 
to inflation in financial markets are considerably shorter 
than commonly suspected. The bivariate regression results 
rarely indicate significant coefficients for the annual rates 
of change of the CPI lagged more than nine months. 


nen EEE aEE EEN 
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critically important in distributed lag estimation and aig 
the adjustment is nearly complete in a period Cid Geisme shone 
relative to a year, annual analysis should not be dynamic". 
The long lags in response suggested by previous research 
comes, in part, from improper specification of the period 
of adjustment and improper aggregation over time. Also, see 
Zellner and Montmarquette (331. 
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An inference having more fundamental application may also 
be drawn. We could view this analysis as a conditional test 
of the hypothesis that expected inflation is constructed by 
linear combinations of actual inflation. It is conditional 
because we must assume that the Fisherian formulation of the 
determinants of nominal interest rates embodied in equation 
(1) is correct and that the other exogenous variables we have 
included in the analysis account satisfactorily for the real 
interest rate term. We could then infer that linear combin- 
ations of actual inflation do not adequately represent ex- 
pected inflation. Those disposed to the ancillary conclus- 
ion would infer that expectations quickly adapt to changes 
in actual inflation - so quickly, in fact, that annual and 
quarterly data could not reasonably reflect the adjustment 
process. 


In any event, the results we obtained are markedly at odds 
with the results of most other studies. Models which bear 
more than a passing resemblance to our rudimentary Fisherian 
models have been used to analyze the impact of inflation on 
the real interest rate or to develop an expected rate of in- 
flation series to be fed into other parts of large econo- 
metric models. As a result of this study, we conclude that 
such models are deficient. 


The results of our intracountry analysis generally agree 
with the results obtained in other studies.“4 First, the 
results of the frequency-domain analysis suggest an extreme- 
ly strong association between rates on bonds with different_ 
maturities. We conclude that the usual term structure of in- 
terest rates applies. Our time-domain analysis verifies the 
existence of the strong association indicated by the frequen- 
cy domain results. We also found that, in general, the _ad- 
justment of long-term rates to movements in the domestic 


24 ther researchers have recently been using the same tech- 
niques for analyzing the term structure of interest rates. 
Cargill and Meyer [3] use Hannan's estimator and obtain sim- 
ilar results although they treat the data differently and 
work with slightly different time series. These authors 
specify the lag structure a priori rather than using a crit- 
eria to select the distributed lag model. Sargent [28] uses 
the inefficient version of Hannan's estimator, assuming that 
the signal-to-noise ratio is constant. 
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treasury bill rate was not complete. The only intracountry 
relationship which indicated complete adjustment was that 
between the series on U.S. 9-12 month bonds and U.S. Treasury 
Bills. These are the two series closest together in terms 
of length of maturity. The lack of complete adjustment, 
especially over periods in which trends in interest rates 
are generally upward, has been noted by other analysts [22}. 
On the other hand, our results are at odds with many other 
studies in that we found much shorter lags in adjustment 

(1 - r - s months) than usually obtained. For example, one 
model had a distributed lag covering 13 months while the 
rest covered seven or fewer months. 


The intercountry association, both in the time and frequen- 
cy domains, proved to be quite strong. Thus, the results of 
our intercountry analysis support the proposition that Cana- 
dian interest rates are, by and large, determined by the ad- 
justed rates on similar U.S. bonds. Equalization was found 
to be complete in three cases, and in no case did the adjust- 
ment period cover more than 13 months. 


From the point of view of Canadian monetary authorities, 
this analysis has two implications. First, because Canadian 
interest rates move closely with comparable U.S. rates, the 
monetary authorities' ability or willingness to bring forth 
independent movements in Canadian rates to implement domes- 
tic economic policy is seriously in question. In the present 
analysis we are unable to distinguish whether the Canadian 
monetary authorities have voluntarily matched movements in 
U.S. interest rates to avoid erratic capital flows or whether 
market forces have brought about the close association be- 
tween the series independent of the actions of the Canadian 
monetary authorities. We are disposed to the latter explan- 
ation, although there is no doubt an element of truth in both. 
If the confluence of the interest rate series is largely the 
product of market forces, any efforts by the Canadian auth- 
orities to alter independently these interest rates is hind- 
ered by the fact that the period for complete intercountry 
equilization is short and the estimated regression coeffici- 
ents around the contemporaneous value of the rate on the 
similar U.S. bonds—are-relatively_large. Whatever the cause 
of the association, economic analysts should not rely on 
Canadian interest rates as indicators of monetary ease or 
tightness. Second, we found that no linear relationships 
existed between rates of inflation and interest rates. Hence, 
mechanical reliance on simple linear models for adjustment 
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of nominal interest rates for determining real rates of in- 
terest is not warranted. 
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APPENDIX A 


DATA 


We have used data from a variety of sources. Table A.1. 
contains the most important information concerning the ori- 
gins and constructions of the variables. 


There are serious problems involved in testing these time 
series for normality. First, we must cope with the question 
of whether we test the raw data or the prewhitened data. Pre- 
whitening improves a series approximation to normality, and 
we can reject some of the raw data's conformity to normality 
by inspection (non-constant mean values). In addition, we 
cannot establish the hypothesized multivariate normality of 
the time series by accepting the marginal normality of the 
individual series. In short, we are in the position of try- 
ing to appraise the validity of an untestable proposition. 

We give the results of the Mann-Wald Chi Square test of the 
marginal normality of each prewhitened time series in Table 
A.2. They serve as guides and, in some cases,warning signals 
that tests of hypotheses which involve series with high chi 
Square statistics should be viewed with a jaundiced eye. 


It 1s possible to choose a linear filter for each series 


which will yield a prewhitened time series compatible with 
the marginal normality assumption. However, the various co- 
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herence functions are of central interest. These functions 
are, in the limit, invariant with respect to linear trans- 
formations of the raw data (see Appendix B). The main rea- 
son for prewhitening the time series is to reduce the number 
of lags required to obtain reasonable resolution of the estie 
mated spectra. In general, a large percentage of the vari- 
ance of economic time series is located in the low frequen- 
cies. Since all spectral windows have some leakage (non- 
zero bandwidths), the values of the spectrum at nearby fre- 
quencies affect estimates at any given frequency. It is 
therefore advantageous to decrease disparities in the amount 
of spectral mass located in adjacent frequency. ThtSeOpeias 
ation is generally accomplished for economic time series by 
choosing a filter which attenuates the low frequency compon- 
ents of the spectrum and amplifies the higher frequency com- 
ponents. The filter which we chose was (1 - 0.70L)4, where 
L stands for the lag operator, LX; = Xt¢-1- (The problem 
with using several filters is that the recoloring phase is 
complicated and it is laborious to write a program suffici- 
ently flexible to handle the series properly under all hypo- 
theses of interest.) To illustrate the filter's effect, a 
portion of the prewhitened and raw interest rate SCnle Smo 
U.S. Treasury Bills is charted on Figure A.1. A trend is 
present in the raw rates while the prewhitened rate moves 
randomly about its mean. 


Table A.3 contains results of a test of the stationarity of 


the individual time series used in this analysis. The test 
is performed by dividing each time series into two periods 
of equal length and then estimating the spectral density 
function for each subperiod (denoted by g,, (A) and S50 Ce 
We then chose L - 1 roughly independent estimates of each 
spectral density function. After stabilizing the variance 
of our estimates by taking natural logs of those estimates, 


we form the statistic 


L 
es -l y; Sy Ae 
Desc ates l)) : [In Bik (A) In gars Q,)]/ v.24546. : 


1=0 
Deakin =e eel: 
where 65 = 
1, otherwise 
and ds (Gee Ane ag Ata 


12 


We will test the hypothesis that the X; series is stationary 
by comparing the D value entered in Table A.3 to the standard 
normal distribution. Note that we are only testing for the 
stationarity of the individual series, not their joint sta- 
tionarity. 
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TABLE A.3 


TEST OF STATIONARITY ASSUMPTIONS 


TYPE OF TIME SERIES CANADA lis Se 
Treasury Bills -0.525 -0.478 
9-12 Month BondS —— =---=-- -0.456 
1-3 Year Bonds -0.295 =  ------ 
3-5 Year Bonds -0.181 -0.157 
5-10 Year Bonds -0.775 = = --=-=-- 
10+ Year Bonds 0.303 -0.166 
McLeod, Young, Weir -0.393 = = — ------ 
Cememaieehe royals tee? 
Wifererahye eS RSS -0.217 
RPCG -0.318 -0.170 
RPCM -0.758 -0.163 
MCPI -0.016 -0.616 
OG iat 0.200 -0.173 
feat -0.214 -0.569 
be vic ta Del -0.075 0.142 


Groitd calerec ions tore Te, eCtLlonsOte StaciOnari ty 1S slLeSGustac— 
fs cues | O4.50NO Teme 1 O40 eee les batts tl Ccsmanesbascd 
on estimates using 110 observations and 25 Lags. 
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FIGURE A.1 
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APPENDIX B 


CONCEPTS OF SPECTRUM ANALYSIS 


This section of the Appendix contains definitions of the 
quantities central to multivariate spectrum estimation and 

a short discussion of the distribution of the various types 
of coherences obtained under the assumption that the origin- 
al time series follow the multivariate normal distribution. 
We shall concentrate on sample estimates only, suppressing 
the usual distinction between sample and population values. 
We define the estimate of the cross spectrum as 


-l i -1As 
a US) SP Aaa) y IK C 
Xy a Win SmX Vis 
where T-|s| 
| aa s 
Coys ines li : i 0 (x, >a x) (aay) 


1s the maximum likelihood estimate of the lagged cross co- 
variances, 


A indicates the frequency at which the cross 
spectrum is being estimated, 


T is the total number of observations involved, 
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m the number of lags employed, is chosen by the 
analyst, and 


K is the lag window. 
m,s 


3 


The Parzen lag window is used throughout this analysis be- 
cause it insures positive spectrum estimates when used in 
combination with the maximum likelihood estimates of the 
lagged cross-covariances. The bivariate coherence function 
is defined as 


2 * 7 
Ry A) = Bxy OB xy CAE ELON) Ce IU) Ne (ote) 


where the asterisk indicates the conjugate of the complex 
valued cross-spectrum, and gxx(A) is the spectrum of time 
series X, defined analogously to SExy). The spectrum est- 
imates are derived from the sample second movements of the 
time series, and associations with more familiar regression 
results are valid and enlightening. 


Multivariate spectrum analysis also rests on estimates 
using sample second moments. It is now useful to treat Y 
as the endogenous variable and X as a 1xp matrix of varia- 
bles. « Now, gy, (Q)° is a pXp ‘Hermitian matrix - that is eagie 
Hermitian when A* = A, the asterisks standing for the oper- 
ation of conjugation of each element of A followed by trans- 
position of those elements.) Also Sxy OQ) is a pXl matrix of 
COMmplexmelemencs  mOLecOurse, yy 0) remains a real 1X1 ma- 
CII: 


The real valued multiple coherence function between Y and 
the p variables of X is defined as: 


2 


a x ail 
See cat Chen) ee C8) ACO) AK OMI MELD o | - 


We will require two additional terms, the marginal and par- 
tial coherence functions. The partial coherence function is 
the coherence between Y and a subset of X, say the first q 
elements for definiteness, conditionalized on the last p-q 
elements of X. Partitioning oo into four appropriate sub- 
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matrices, we have the representation: 


ee = 4) BW ages, 
SHIRT Sev p AY 


Partitioning 8xy O) Similarly we have 


Bey) = | BQ) 
B, (A) 


Where Aj7(\) 1s the qxp cross-spectral matrix tor the first 
q elements of X and B,(\) is the qxl cross-spectral matrix 
OMeyeandetne stirs tequclementuorex sma Weesidl ledelinesticaparc 
tial coherence function as: 


2 2 Si * 
Re .1,.--.q|qel,..- per) = zy) 82, dg, @)/2,,0) 
where g US) = aes) = MpOWibes “CML. COL 


and g (4) = B, GQ) = A), 0A, @)B,Q). 


The marginal coherence function is defined as: 


iz 


A -l 
RY a... q6t) = By*Q) Ay @) BL O0/e, 0). 


The bivariate coherence defined earlier in this section and 
used to analyze the naive Fisherian hypothesis is the simpl- 
est type of marginal coherence function. 


Under the assumption that Y and X follow the multivariate 


normal distribution, the density of each point on the coher- 
SNCcmEUncL Olmos. 
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aE ib aay) a, Pa ted he n-p eee 
C(R|n,P,y i (P-1)F (n-P+1) hese ) R Ghasy P(e Dabo, 3R), 


where n is the effective degress of freedom, P is the effec- 
tive number of records, y“ is the true coherence, R is the 
sample estimate of ~y, andeY( 330, saenotes thesnypergeos 
metric function. As stated earlier, n depends only on the 
value of M, the frequency involved, and the number of terms 
upon which the coherence has been conditionalized, if any, 
once the sample size and the lag window used in estimation 
are specified. Thesvalue of P is) thesnumber of 1ndepencent 
variables directly considered plus one - that is, not inclu- 
ding those variables upon which the particular coherence is 
COn dit Fond lz edn 


The density is quite simple when va 1s zero. -Fortunatelye 
this corresponds to the null hypothesis of no relationship 
between Y and X (or Y and some subset of X). Under the null 
hypothesis, thé density collapses to fl 


T (n) pee 


C(R|n,P,0) = Pony ieee 


(len) ae 


Our summary test statistic is based on finding the mean, u, 
and standard deviation, o, of R given y~ = 0. Choosing L 
roughly independent estimates of y2 on the interval lOFaie 
we form a weighted sum of the R(\;). It follows from a cen- 
tral limit theorem that the test statistic, 


is asymtotically distributed N(0,1). Both the mean and the 
standard deviation of R(Ai) have very simple forms: 


ak eae 
aan er? o r(P-1)T (6,n+1/2) 
and 
r(P) abe, 2 
0.45 a én (P-1) Cu) 
where 6. = 


ite a- eS 
Dee ise AG = 0,7 
1 


, otherwise 
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The density and cumulative distribution function for small 
n and P=2 has been tabled in (2), and the cumulative distri- 
bution for small n and P is tabled in (1). 


The non-parametric test of the null hypothesis depends only 
on the first moment, wt, derived above. We take every other 
estimated coherence and treat it as if it were an independent 
trial from the Binomial distribution B(3,L). By scoring a 
one for each estimated coherence which is greater than yt 
and a O for each that is less than ut, the sum of the scores 
can be approximated by the normal distribution N(L/2,L/4) 
under the null hypothesis. The value recorded in Table B.1 
are standardized test statistics and should be compared to 
the standard normal distribution under the null hypothesis. 


The invariance of the coherence function with respect to 
linear transformations of the individual underlying time 
series is easily established for an infinite sample. Con- 
Siaigve wis Le weekee CeeS 


= 
Ze Once 
u=-r 


where b's are finite real constants, s and r are finite in- 
Pep Chom clGeXse) el Seaec Imes semlese: LOM dacoVarlance Ss tac1one 
aiyeecCVOdLCepLocess mmlnesCOVaGlancesLunctlOneObesthe process 
Zt is 


) = Dee De Da 


: if Bd UBV XX, UV 


Hf Ne t+T 


3 


The spectrum of this process is 


00 S 
-1\T 
fe -l1 = L Dae feet 
Be ee ellie 4 eee Ee NMOS, tay 
mh -idu > iv 2 -id(t-utv) 
5 ()) 1) abe ae DM Clibennee dae Di Clee) aaa Set 
Seem be =-T a Gee) XX ,T-UTV 


BOO |*e, 00. 
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The term B( ) is called the frequency response function, or 

transfer function associated with the linear transformation 

defined by the b's. Note that linear transformations in the 
time domain amount to multiplicative transformations in the 

frequency domain. The interchanging and separations of the 

summations above are valid as long as the individual series 

are absolutely convergent. This is insured when the b's and 
s and r are finite and the X process is ergodic. 


Without loss of generality, we shall consider the bivariate 
coherence between X and Z: 


aa COR SCO] eC On aeCONE 


But the cross-spectrum between X and Z is 


fs -l .- -1AT 
g., (A) = (2m) i ee 
T=-o 
(on) iene LAT 
LI Xee er tT 
T=-© U=-L 
a Chay 5) ep oldu oo -id (t+u) 
u XX ,Tt+U 
u=-r T= 0 


BCA) g, 0) 


Thus, R2,(A) = BOA) B*QA) gfx (A)/[BQ)|* gx, (4) = 1 for 
all A. Of course, the coherence between a series and a lin- 
ear transformation of itself is one. The generalization of 
other functions follows immediately because we have the con- 
dition that the transfer function of filters, which are sen- 
sible from an economic point of view - ones which do not mix 
the time series together - is a diagonal matrix. Finally, 
it must be mentioned that the invariance property of the co~ 
herence functions holds only approximately for finite samples. 


We have made repeated use of the approximate invariance of 
the coherence functions with respect to linear transforma- 
tions of the data which do not mix the time series together. 
This property plays an important part in the Hannan esti- 


88 


mation routine because it is used to provide an estimate of 
the residual spectrum (See Appendix C). We have also used 

it directly in the preceding analysis to appraise the valid- 
ity of whole classes of models - all variants of a model with 
a given endogenous variable and a specified set of exogenous 
variables. For a more detailed discussion see Fishman [9]. 
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APPENDIX C 


THE HANNAN ESTIMATION ROUTINE 


We present a brief introduction to the Hannan estimation rou- 
tine for two time series in this section. While the routine 
can be extended to any number of time series, it becomes num- 
erically complicated and difficult to apply without prior 
Specification of the lag structure. 


Let us discuss the simplest model first, following the not- 
ation and arguments from Hannan's seminal article [18]. Sup- 
pose that Y and X are two covariance stationary, ergodic pro= 
cesses which we observe at discrete, equally-spaced points 
in time. Suppose further that Y is a linear function of the 
contemporaneous value of X plus an error term. Then 


= = esl 
Mies BX, ce. ( ) 


The ordinary least square (0.L.S.) estimates of B is 

a 4] T 

(i x, x.) vs 

t=1 t= 

We know that this estimator, under the assumption that the 


ef s are 1.1-d., possesses many desirable properties. How- 


sit 


ever, it is often the case in empirical work that the e's 
are not independent. If the spectrum of the residual term 
exists and)1s not constant, estimationewith 07. owl lino. 
be efficient. Multiplying by x;y and applying the Fourier 
transform to both sides of equation (C-1), we obtain 


EON) 2 Ue LOM) Os elon) 


We require the residual process to be independent of the ex- 
ogenous variable by adding the condition that g,.,(d) = 0 for 
all A. This is analogous to requiring that the error be or- 
thogonal to the exogenous variables in 0.L.S. estimation. 
Testing this assumption with the summary test statistic for 
the coherence function outlined in the preceding appendix 
provides a criteria for deciding when the model has been spec- 
#fied correctly. 


The time domain representation of the equation indicates 
that B is a constant. However, we estimate the spectrum and 


cross-spectrum at M + 1 discrete points and thus, have M + 1 
estimates of B, b(K), where 


a -l A 
b(K) = Bae (1K/M) hy Cul Keas Once 7 Me 


We are faced with the question of how to obtain a single 
estimate of B. If we assume the spectrum estimates are 
roughly independent, the approximate optimal weighting pat- 
Cer -1S 


he CEN i ate K/M) g  (nK/M 
= CM) SE Bee (WM) By (KIM) x 
4 DE ‘ * 
[(2)" Ege, (mK/M) B. (nK/M)] 
=-M+1] 


The asymptotic variance of this estimator is the variance of 
the B.L.U. estimator, 


T 
[T(2n) E Be) Boe (A) aad 


The central problem encountered ‘in handling residuals which 
do not conform to the usual assumptions is determining the 
salient features of the divergent behavior. It is often 


oe 


practical to assume the residuals follow a simple pattern 
such as first order Markov. This procedure is not adequate 
when the data and residuals have seasonal or other cyclical 
components of importance. There are several procedures for 
obtaining estimates of gee(A), but we chose to adopt a meth- 
od suggested by Hannan [18] and Fishman [9]. These authors 
noLemciateamcOnsistentmcstimdacesOtetan(”)mcaneDesObtained 
directly from the estimates of the bivariate coherence _func- 
tion Re mecuOmtNecespect Limeo te EhesaependcntavanlaD Len: yy A). 
We have BODE ES this approach, estimating the pens Spec- 
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Now consider the full distributed lead-lag model, 
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If we knew s and r, theoretically we could get an estimate 
of the variance covariance matrix of residuals by using the 
O.L.S. estimators of e+ as a first step, and deriving an es- 
timate of the variance-covariance matrix of residuals from 
Ghem=)) However, we face the* problem that thercorner elements 
of that estimate rely on only one product, €,e7. Indeed, 
adding more observations does not rectify this problem, as 
the size of the variance-covariance matrix increases with 
the number of observations. Of course, the fundamental pro- 
blem is that we do not know r and s. Hence, in addition to 
having trouble with the extreme elements of Z, we cannot ob- 
tain consistent estimates of its elements. However, we have 
Giese bat lonshit pr 

-1\T 

ee ,T its Fee (i) 


and the consistent estimate of go.(1)- Using the inverse 
Fourier transformation we can obtain 
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Translating this into our finite sample context, we can esti- 
mate the elements of the variance-covariance matrix by 
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These elements could be put into a TXT matrix and we could 
perform a type of generalized least squares. However, the 
variance-covariance matrix in time series analyses has a very 
special character when covariance stationarity is assumed. 
The matrix is called a Toeplitz form and is symmetric with 
all of the elements on any diagonal identical. That is, 
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By using several limited arguments, maximum likelihood esti- 
mates of the b's may be obtained by solving s-r-1 linear 
equations in s-r-l unknown. The form of the equation is 
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is the entry row & of D. 


The asymptotic variance-covariance matrix of B is Tasha 
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A more detailed discussion of the procedure can be found in 
Fishman [9]. 


The signal-to-noise ratio is defined as 
SS Oh) 
Bye 05 )/B gq (04) 


The denominator is called the noise term and is the value of 
the residual spectrum at frequency X«. The numerator is 
called the signal and is the value ouetne Spectrumsore the 
Tipaleyoyeineliste Wewercweyls cue (lel SieliiS sretsep vey,  IMels) ausizehe lS vene 
this ratio is proportioned to the variance of the estimate 
b(K) in model (1). We can obtain a minimum variance esti- 
mate of B in model (1) by combining roughly independent est- 
imates using weights proportioned to the inverse of the in- 
dividual variances. We obtain, 


eo pea B xx (Kn /M)/8 9 (Kr /M) 


Tus 5,..0f course, equivalent, to the weighting pattern pre- 
sented above. Note that the signal-to-noise ratio at each 
frequency plays a central role ini this estimation routine 
because its inverse is proportional to the variance of the 
estimate of the regression coefficient at the same frequency. 
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THE MONEY SUPPLY AND THE RATE OF INFLATION 


by 


JEMERS Veber 


INTRODUCTION 


Before 1935 there was considerable agreement among economists 
as to the principal cause of inflation. Most economists ad- 
hered to the quantity theory. They believed an increase in 
the money supply would be followed (not necessarily instanta- 
neously) by an increase in the price level. With the publica- 
tion of Keynes' "General Theory" the quantity theory fell into 
disrepute and was rejected by an overwhelming majority of 
economists. During the 1930s the primary economic problem was 
not one of inflation but one of unemployment. As a consequence 
when the money supply was rejected as a prime determinant of 
the absolute price level, there seemed to be no great need to 
find an alternative theory of inflation. In fact, no alter- 
native was found. In the Keynesian model all variables were 
expressed in wage-units and hence the model explained real 
Pawel espe ineceabsOluvem™pl CcmlcVclawasmtredctedmd sean 
exogenous variable. In the short run, when aggregate demand 
increased, the Keynesian model had quantity adjustments and 
no_price adjustments. In the short run the price level could 
be treated as fixed in the Keynesian model.! One of the prob- 
lems with the Keynesian model is its failure to analyze infla- 
tion. One possible way out of this dilemma is to assume that 


1 For a discussion of the rigid absolute price level in the 
Keynesian model see M. Friedman, "A Theoretical Framework for 
Monetary Analysis", Journal of Political Economy, March 1970. 
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up to full employment, all changes in aggregate demand will 
be reflected in real output and beyond that point_all changes 
in aggregate demand will be reflected in prices. In fact 
this is what Keynes argued in one section of the General 
Theory, that under certain assumptions "'..... an increase in 
the quantity of money will have no effect whatever on prices, 
so long as there is any unemployment, and that employment 
will increase in exact proportion to any increase in effec- 
tive demand brought about by the increase in the quantity of 
money; whilst as soon as full employment is reached, it will 
thence-forward be the wage-unit and prices which will in- 
crease in exact proportion to the increase in effective 
demand.''2 Thus it can be argued that ultimately Keynes uses 
the quantity theory as his explanation of inflation.° But 
the above theory leaves unexplained how inflation and unem- 
ployment can co-exist. As inflation became more of a problem 
during the 1950s and as it was observed that inflation and 
unemployment did sometimes occur together, economists devel- 
oped theories of inflation capable of explaining the co-exis- 
tence of inflation and unemployment. These theories tended 
fonexplain, intlatd onsassa Ee COStly OGayprice! push.4 These 
theories tended to attribute each bout of inflation to some- 
thing specific about that inflation, and as such they are 

not really theories at all, since they cannot be applied in 
general or cannot be used to predict when the next bout of 
inflation will occur (because they cannot predict when the 
next: "price! orscost' push willsoceune 


The primary purpose of this paper will be to investigate 
the influences of money on the absolute price level. The 
second section will present a theoretical model which out- 
lines the influence of money of the price level. The model 
outlined in section two is essentially a dynamic version of 


2 John Maynard Keynes, The General Theory of Employment, In- 
terests and Money, London, Macmillan 1964, p. ZOSe 


5 This should not be too surprising since Keynes prior to the 
general theory adhered to the quantity theory. See J.M. 
Keynes, Tract on Monetary Reform, London, 1924. 


4 For example, see J.K. Galbraith, "Administered Prices and 
Monetary-Fiscal Policy", reprinted in Money and Economic 
Activity, edited by L.S. Ritter, Boston, Houghton Mifflin 
Gone a1 oGiF 
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the quantity theory. Section three will present the empir- 
ical results of the estimation of the reduced-form equation 
explaining the rate of inflation. Section four will look at 
the question of the appropriate definition of the money 
Supply and empirical results using different definitions of 
money will be presented. Section Five will present the con- 
clusions obtained from the empirical results. 


THE MODEL® 
Definition of Symbols 


M, : money supply at time t 


Yt : real income at time t 
vd : desired VeELOCi tye 4 taGimeme 

V, : actual velocity at time t 

slg : nominal interest rate at time t 

The model will be estimated in logarithmic form and there- 
fore the first difference in the logarithm of a variable will 


be used to approximate the percentage change in that variable. 


Alog M, : percentage change in the money supply from t-1 
tC Omt 


Alog yz : percentage change in real income from t-1l to t 


Alog P, : percentage change in the absolute price level 
OMet leet Om 


Alog My : expected percentage change in the money supply 
where expectations are formed at time t 


Alog a : expected percentage change in real income where 
expectations are formed at time t 
“efmeniend ts ne Sth thant nds ain ll thd cee acne cholate Oe ee, SE oo 


> The model employed here is an adaptation of part of the 
model in J.L. Carr, "A Dynamic Monetary Model of Business 
Fluctuations". Ph.D. dissertation, University of Chicago, 
iS PAL 
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Alog P©& : expected percentage change in prices where ex- 
pectations are formed at Cimest 


Structual Equations of the Model 


log ve = ag + ay log it + ag 10g yt 


+ a5) [Aloo Rees Log Peal (1) .© 


This equation has desired velocity as a finct lope OUuthree 
variables, the nominal interest rate, real income and the 
difference between the actual and expected rate of inflation. 
The higher the nominal interest_rate, the greater is the 
opportunity cost of holding cash balances, and as_a_con- 
sequence the less will be desired real cash balances and the 
higher will be desired velocity. Therefore, a priori, one 
would expect a, to be a positive. 


The real income variable represents an income effect. The 
sign of 47 can not be determined a_priori. For,.as an econ 
omy grows through its early stages of development, the demand 
for money is increased from two possible sources. As income 
increases, more money is demanded to handle the increase in 
transactions. Also as income increases money replaces barter 
for a larger and larger section of the economy. ineruGae 
areas barter is the main method of local exchange even when 
money is used extensively in the urban areas. With growth, 
industrialization and urbanization, increases in income 
cause more money to be demanded for normal transaction pur- 


bee Si ee ee eS 


instead of using the concept of desired velocity one could 
equally well have used the concept of the desired number of 
weeks income the community wishes to hold in real cash bal- 
ances, k@?, where k* = 1/v¢d. For certain purposes of exposi- 
tion, it is perhaps more convenient to think in terms of k 
rather than v¢. Similarly one could transform (1) into a 
demand for real cash balances equation. In this case (1) 
becomes: 


log (M/P)¢ Sah & Ei LO capt aes (Le ag) eeLO gales 


-az [Alog Py - Alog Peay): 


104 


poses and also for transactions which were previously being 
conducted by barter. In the early stages of growth an in- 
crease in income probably implies higher real cash balances 
and lower velocities. Eventually the process of urbanization 
slows down and the whole economy is in fact on a money ex- 
change basis. Past this point, increases in income result 
in increased transaction demand but the percentage increase 
in transaction demand for money may not be as great as the 
percentage increase in income and so velocity may start to 
rise. Therefore the exact effect of income on velocity can- 
not be determined a priori. 


It should be noted that desired velocity is an aggregate 
concept. It is a weighted average of individual velocities. 
If there is income redistribution, aggregate desired velocity 
can change while each individual's desired velocity remains 
tie same.’ Now if income is redistributed from people with 
high real cash balances (i.e. high k) to people with low 
real cash balances, aggregate desired velocity will increase. 
When workers negotiate contracts with their employers they 
take into consideration the expected price change. Similarly 
when lenders lend they too take into account an expected 
price change. When the actual price change is different 
from the expected some parties will gain while others will 
lose. Unexpected inflation redistributes income; with 
employers gaining at the expense of employees and debtors at 
the expense of creditors. This redistribution of income is 
only temporary, since eventually employees will revise their 
expectations about price change and include these new expec- 
tations in their contract negotiations and lenders also will 
revise their expectations about price change and will demand 
a higher nominal rate of interest. If a part of the tran- 
sitory income gained or lost during the temporary redistri- 
bution of income, produced by unexpected price changes, goes 


i This is easily seen using k the inverse of velocity. If 
there are n individuals who hold cash balances then the 
total desired nominal quantity of money is 


1 
md = kjy, + koy5 + Si on Ne Ca 7 


1 
thus K =~ 


ve 
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into or comes out of cash balances and, in addition the 
people who benefit have, on average, a different desired 
velocity than those who lose, then aggregate desired velocity 
will change as a result of an unexpected price change. The 
greater the unexpected price change, the greater is the re- 
distribution of income and hence the greater is the effect 
on desired velocity. There is perhaps a presumption in the 
literature as to the direction of change in desired velocity 
when unexpected inflation occurs. As stated earlier, unex- 
pected inflation redistributes income from employee to em- 
ployer and also from creditor to debtor. To the extent that 
business firms are net debtors, unexpected inflation _re- 
distributes income in favor of firms, and if firms hold 
lower real cash balances then households (i.e. if households 
owing firms maintain on average, lower cash balances in 
relation to their income than households not owing firms) 
then unexpected inflation increases desired velocity. There 
is some presumption that az is positive. How important this 
redistribution term is, is not known a priori. Since this 
term is generally not included in most demand for money 
functions, the model will be estimated both including and 
excluding this redistribution term. 


Logi i= vlog y Ra loo ty elone ie (25% 


This 1s aydefanationvofeactual velocity.8 Being a defini- 
tion this identity holds at all times and for all values of 
M,P, and y. 


Alog Py = a[log Vie - log Vy_4] 


+ [Alog Me + Alog Vee’ - Alog ya ‘ where 0 < a u<ileaaye 


ui 


This is the price change equation. It says whenever actual 
velocity differs from desired velocity, the rate of increase 
in prices change, and the percentage change in price isa 
function of the difference between desired and actual velo- 
City. That. 1s, lt 1seassumede that priccsmdOsng Uaaci pun 
instantaneously, but take time to adjust .9 The speed 
of adjustment is measured by ao. The greater is a, the 
greater is the speed of adjustment of prices to changes in 


8 : : es ; 
Re-written in another form this is what is known as the 
quantity identity. 
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the money supply. If a=0, prices would never adjust to 
changes in the money supply and if a=1 prices would instan- 
taneously adjust (i.e. within one time period) to changes in 
the money supply. It would seem reasonable to expect that a 
would be a function of the variability in the rate of infla- 
CLON eer Or With pds bob) Carat e. Of chance Die oeices more people 
will be willing to make contracts in nominal terms for a con- 
siderable periodof..time. For example, if all workers knew 
that absolute prices would increase at the rate of three per- 
cent a year indefinitely they would not_ hesitate to sign wage 
contracts for one, two or three years. 0 The more of these 
contracts that exist, the stickier will be the price level 
(i.e. the stickier will be the rate of inflation) and hence 
the smaller will be o. On the contrary, if the rate of change 
Ofte pu Ces seduicemvariable speople wilishesitatesto make: such 
contracts because of the risk of capital loss and prices will 
adjust fairly readily to unexpected changes in the money sup- 
ply. If we compare the Canadian economy to an economy in 
which the rate of change of prices has been more variable 
(what matters here is not whether the rate of inflation is 
high or low but how variable it is) we would expect to find 

a lower a for the Canadian economy. Also if over time, in 
the Canadian economy, the variability of the rate of infla- 
tion increases one would also expect a to increase.1! For 
the purposes of this model, we assume a is a constant. 


° The reasons prices do not adjust instantaneously to changes 
in demand conditions is a subject which has currently received 
a fair amount of attention in the literature concerning the 
microeconomics of inflation. In this literature the exis- 
tence of search, information and transaction costs (of dis- 
tinguishing between changes in real and changes in nominal 
demand) result in prices which do not adjust instantaneously. 
Housamsuimanyeotschi Salveratune sce yen. snelLps mwect. mad le. 


Microeconomic Foundations of Employment and Inflation Theory 
Newey Ockue WW. NOLtONrandsGOn,. 19/0 pp, 1-2 /. 


10 It should be noted that this analysis ignores the risk 
associated with changes in relative wages. The risk of var- 
lability of absolute price is an additional risk in making 
contracts in nominal terms. 


11 This means the greater the variability of the rate of in- 


flation, the more flexible are prices and the greater is o 
and the greater will be the proportion of any change in the 


rate of growth of the money supply that will go into prices 
(in the short run). 


107 


Equation (3) says the greater is the difference between 
actual and desired velocity, the more will prices have to 
adjust. When desired velocity is greater than actual, 
people's actual real cash balances will be greater than 
they desire. They will try to get rid of this excess cash 
and in so doing will drive prices up.12 Now when actual 
velocity is equal to desired velocity and the model is in 
equilibrium with expected quantities equal to their actual 
magnitudes then (3) says the rate of price change will be 
equal to the rate of change of money plus the rate of change 
of velocity minus the rate of change of real income. In 
equilibrium we have the simple quantity theory result. 


Ignoring feedback effects, (3) says that there are two 
effects on the rate of change of prices when the rate of 
change of money increases. One will be that desired velo- 
city will be different from actual and this causes.the rate 
of change of prices to rise. This effect operates at once. 
The other effect is our second term, 


e 

ay Oe ua 

which initially has no affect on the movement of: the rate o£ 
inflation to its new equilibrium level but which will gradu- 
ally rise and cause the rate of change of prices to move 
gradually from its old equilibrium level to its new equilib- 
pi bint Westen e. 


[Alog M© + Alog V 
t-1 


Equation (3) says that prices adjust instantaneously to 
perfectly expected changes in money (or income or velocity 
for that matter) but that they adjust with a lag to un- 
expected (or imperfectly expected) changes in money. Since 


12 The above analysis says nothing about the transmission 
mechanism whereby changes in money bring about changes in the 
price level. In the current state of economic knowledge, we 
know very little about the actual transmission mechanism. In 
M. Friedman and A. Schwartz, ''Money and Business Cycles", 
Supplement to Review of Economics and Statistics, (February 
1963), there is a very sketchy outline of the transmission 
mechanism whereby people trying to get rid of excess cash 
balances first cause financial asset prices to rise and then 
the prices of real assets and finally the prices of service 
flows. 
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we will be defining expectations so expected variables con- 
form to the simple quantity identity of (2), equation (3) can 
be re-written as 


d S 
ere Oe V1] PRA LOS SES eee S Je 


Alog Py = a[log V 
It will be noted that unemployment (or excess capacity) and 
foreign prices (in particular U.S. prices) do not appear as 
independent variables in equation (3). These two variables 
are often considered as the main causes of inflation, yet 
they are omitted in this discussion of inflation. Why? Let 
us first look at the unemployment effect. It will be argued 
here that inflation and unemployment are often influenced by | 
a common stimulus and that this is the reason why an empiri- 
cal association between these variables is observed. It will 
be argued that unemployment does not exert any direct in- 
fluence on the rate of inflation. In our model if unemploy- 
ment were to be made an endogenous variable it would be han- 
dled as such 


e€ e 


Alog y, - Alog vas f (Alog M. - Alog eT C2) 
real Factors 
unemployment rate - f(y - y®%) eked 


In such a model unemployment would be affected by both real 
and monetary magnitudes and in equilibrium unemployment would 
be at its natural level. If the monetary authorities were to 
increase the rate of growth of the money supply, the rate of 
growth of real income would increase, real income would grow 
and the unemployment rate would fall. But these effects 
would be temporary. 


otc bs CUSS 1 ONEO Gatto mequatlOnlyescce lt Ca i m0) wml. 
pp. 17-21. The rationale for unexpected monetary changes 
influencing the rate of growth of output is as follows. An 
unexpected increase in monetary demand will cause firms to 
be :faced with increased demands but firms will not know if 
these are increases in nominal demands or increases in real 
demands. Faced with this uncertainty, firms will to some 
extent expand output. With expanded output, unemployment 
will fall. For a summary of a number of variants of this 
Bpoulenusscc hm bnelpSspmct-nals 0D. CLt, 
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Unemployment in the model is a "disequilibrium" phenomenon. 
For example, suppose we are initially in equilibrium with all 
actual magnitudes equal to their expected values. Now de- 
crease the rate of growth of money so that Alog M < Alog M® 
and therefore V > V4. From equation (12) the unexpected de- 
crease in Alog M will have a depressing effect on Alog y, 
cause y to be less than y®, and unemployment results. Since 
v > vd, from equation (3) of the model we see that the rate 
of inflation will fall. Therefore unexpected monetary de- 
creases cause both unemployment and a lowering of the rate 
of inflation. It is—not.the unemployment which is causing.a 
reduction in the rate of inflation. If unemployment in the 
real world was mainly due to monetary shocks then one would 
expect a negative correlation between the rate of inflation 
and the rate of unemployment.!5 I believe that because em- 
piricists have found this negative relationship between the 
rate of inflation and the rate of unemployment they have 
incorrectly concluded that the unemployment rate is a prime 
determinant of the rate of inflation and as a consequence 
have built models with unemployment a prime determinant. of 
the rate of inflation to give this empirical relationship a 
theoretical foundation. 


What should the effect of changes in the foreign price 

levell® be on the domestic price’ level? \Tojwhat (exten teean 

a country import inflation? The answer to these questions 
depends on the type of exchange rate system used. If the 
exchange rate is perfectly flexible, an increase in the for- 
eign price level will be reflected in an offsetting change in 
the exchange rate and thus there will be no effect on the 
price of foreign goods denominated in Canadian dollars. The 
price level of Canadian goods denominated in foreign dollars 


14 See M. Friedman, "The Role of Monetary Policy", American 


Economic Review, March 1968. 


1S If unemployment was mainly due to real shocks (e.g. bad 
harvests in a predominantly agricultural economy) then the 
above theory would predict a positive simple correlation 
coefficient between inflation and unemployment. 


16 Really the argument should be made in terms of the price 


level of tradeable foreign goods. For purposes of expositiion 
1t will be assumed these two price levels move together. 
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will rise by as much as the rise in price of foreign goods 
(due to the fall in the exchange rate) and therefore there 
will be no increase in demand for Canadian goods and as a 
consequence no change in the price level of Canadian goods. 
Under a flexiblé exchange rate system there seems little 
reason to consider foreign inflation as a determinant of 
domestic inflation. 


Suppose now, the fixed exchange rate system existed.and the 
foreign price level increased. With increased foreign prices, 
Canadian goods will become more attractive to foreigners, 
thus increasing Canadian exports, and foreign goods will be- 
come less attractive to Canadians, thus decreasing Canadian 
imports. If we assume that the exchange rate was initially 
in equilibrium, then with the rise in the foreign price level, 
the fixed exchange rate will be out of equilibrium with the 
price of the Canadian dollar (in terms of foreign currency) 
below its equilibrium value. The fixed rate is maintained 
below its equilibrium value by the willingness of the Can- 
adian government to hold foreign currency and exchange Can- 
adian dollars for foreign currency (in order to satisfy the 
excess demand for Canadian dollars at the fixed exchange rate). 
The operations of the Canadian government in the foreign ex- 
change market will increase the money supply.!’ The increase 
in the money supply will increase the domestic price level 
and restore external balance. Since thé money supply is 
included in equation (3) there is no need to have the foreign 
price level in this equation. What the above analysis argues 
is that under a fixed exchange rate regime the foreign price 
level is one of the prime determinants of the money supply. 
Under fixed exchange rates, the primary influence of the 
foreign price level is not its direct effects on domestic 
prices but its effects (and constraints) it imposes on 
domestic monetary and fiscal policy. 


17Tt should be noted that the Bank of Canada can "sterilize" 
the effects of changes in foreign exchange reserves on the 
money supply. Such operations cannot continue for long 
periods of time (especially when the country concerned is 
running a balance of payments deficit). However, sterili- 
zation may result, in the domestic price level rising, in 
the short run, without any prior increase in the domestic 
money supply. 
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Solution of the Model 
Substituting (1) into (3) we get 
Alooah a Alog Daa + Wag + aay log it¢_1 + a9 log Yt-] 
- a log Vz_] + aaz [ Alog Py_y - Alog PY _o] (5). 


If the redistribution term is left out of (1) [i.e. az = 0] 
then 


e€ 


Atos os eAlog Laer = 


aag + aa, log ig¢_] + 242 log Yr-] 
=e loo Veer (SAJe 


Both (5) and (5A) have Alog Py as a function of predetermined 
variables only. Hence if one could observe an expected rate 
of price change variable both equations could be estimated 
directly using ordinary least-squares. However the expected 
rate of price change is not an unobservable variable. There- 
fore in order to estimate (5), a theory of price expectations 
must be added to the basic model. Three different solutions 
to this problem were posed. 


(A) One solution is to use an expected rate of inflation 
series which has been generated elsewhere. One such series 
has been generated by myself and L.B. Smith.18 In that 
paper the following model was run for Canadian data, 


i = lbyy, <P eh [Alog My - Alog Me 1] + bo[ log pol. 


The Alog P© variable represented the Fisherian effect which 
when added to the real interest rate gave the nominal inter- 
est rate. The Alog P©& variable was calculated by assuming 
that Alog P& was some weighted moving average of past rates 
of inflation. The Almonl9 technique was used to calculate 
the weights. With the weights known, an expected rate of 


cee ee gS eee eee 


18 See J.L. Carr and L.B. Smith, 'Money Supply, Interest 


Rates and the Yield Curve'', Journal of Money, Credit and 
Banking, August 1972. 


19 Ss, Almon, "The Distributed Lag Between Capital Appropria- 
tions and Expenditures", Econometrica. August 1965. 
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inflation series was generated. This series was used in the 
estimation of (5) and (5A). 


(B) Another solution is to use the Almon technique directly 
on equations (5) and (5A). 

Re-writing (5) and (SA), (59) us 

Alog Py = ay + ay log is | + aay log yy_}, + az Alog P44 


e 
log V+-1 + Alog Ped - oaz Alog a9) (See 


Q 


(SA) is 
Alog Py = Gag + aay log i¢-1 + Gag log ye-] -o Moyer Vi. ba) 


 tlaleyy 1s 5 (SA 


With the Almon technique it is assumed that 


o 
Alog Pe = Wi 


1 


LE se ee 
Oo 


Alog P,_; and wy = ag + a, i + agit : 


GincenALOgER: milsmamcunct 1onsotipast iva lues sO meAlOoeP eT tas 
very likely “that Alog P{_1 and Alog P{_2 will be highly 
collinear. Therefore it is likely that problems of extreme 
multicollinearity will result if (5)~ is estimated using 
Almon variables. Instead (5)~* can be simplified if the 

wo Alog P,_, term of Alog Poy is incorporated with aaz 

Alog Py_, and the rest of the terms of Alog Poa incorporated 
with - aaz Alog Eee 


With this simplification (5)~ becomes 
Alog Py = Gag + aay LOST Pee a SLORY a 


+ (aaz + wo) Alog Py] - & hey Wore aa) 


. - Alog P (ae 
B22 S Eee Gh: Latapm sent (+2) 
1= 


Equations (5)*“and (5A)~ can now be estimated using Almon 
variables. 
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(C) A third solution is to assume some adaptive mechanism in 
the formation of expectations. If the actual rate of infla- 
tion is larger than is expected, then the expected rate of 
inflation is revised upwards, 
e e 
Alog P, - Alog PE_1 = w[Alog Py - Alog Peo h. 
Re-writing the above equation 


Alog Pe = w Alog P, + (l-w) Alog Pra (4) 


With this theory of expectations, (4) can be substituted into 
(5) and a Koyck transformation performed with the result that 


Alogi wep = saway + (lotta = a Aloe Peiq - aaz Alog Py_» 

eae LOg i+¢_1 * aayw log 1+_9 + a (ay-1) Alog Ye_] 

+ aaqw log yt-2 + a Alog Mt_1 - aw log Vt_92 (8) 
And if the redistribution term is omitted from (1) (i.e. az 
=O) MWERoeL 

Alog P. = awag + (1 - a)jAlog Py_y + 08} Alog i¢-] 
tdajW Log 145 4 a(az-1) Alog ye_] + aaQw log yt_2 
+a Alog M¢_1 - aw log Vt_2 (8A). 


Linear and non-linear regressions can be run on (8) and (8A), 


EMPIRICAL RESULTS 


Equations explaining the rate of inflation were estimated 
using seasonally-adjusted quarterly observations for 
various periods, the longest being 1953:I to 1969:IV. Three 
alternative price indexes were used: 


ec nt LEP a nee ge Sean ne ae ets EO Oe ee 
20The three price indexes and any other variables which were 
not reported on a seasonally-adjusted basis were seasonally 


adjusted by the U.S. Census bureau's seasonal-adjustment 
package, X-11. 
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Prpy - GNP implicit price deflator (1961 = 100) 
Pcpt - Consumer price index (1961 = 100) 
Pwpr - Wholesale price index (1935-39 = 100) 
and three different interest rates were used: 
itp - the yield on 91-day treasury bills 
ig-3 - the yield on 0-3 year government of Canada bonds 
itt - the yield on long-term government of Canada bonds. 


Results are reported using the interest rate which yields the 
highest R2. For the purpose of this section, the definition 
of the money supply that was used was: 2 


Mz = currency outside chartered banks plus total adjusted 
Canadian dollar chartered bank deposits held by the 
general public. 


The regression results for equations (5) and (5A) using the 
previously calculated expected rates of inflation are pre- 
sented in Tables XI and XII respectively. 24 From Table XI 

a significant estimate of ais obtained only for the WPI. 
With the WPI index the estimate of % is 0.05. With all three 
price indexes positive income elasticities of velocity 

are obtained. For the WPI az is approximately 0.224 For 

the WPI, az is positive (and equal to 3.7) but for the CPI 
and IPI az appears to be negative. For all three price 


2lin section four the definition of the money supply will be 
discussed. 


22Tt should be noted that expectations of inflation were 
derived separately for each of the three price indexes 
using the Carr-Smith method. 


23Exact standard errors cannot be derived for the income and 
interest elasticities of velocity. 


24Tt should be noted that the income elasticity of the demand 


for neal ‘cash balances! is: 1 -— a7. In this’ case it turns? out 
EOmDERULG- 


DES 


indexes a perverse sign is obtained for the interest elasti- 
Citys Ot velocity.2>° For the WPI ajelse Onde INesresui tsa an 
Table XII conform in general to the results in Table XI. The 
regression results for equation (5)*~ and (SA)* are pre- 
sented in Tables XIII and XIV respectively. For these re- 
sults it was assumed that the weighting pattern of past rates 
of inflation in the formation of expectations of price in- 
flation followed a second-degree polynomial function. With 
this assumption the Almon technique was employed with length 
of lags varying from 16 quarters to 32 quarters. The re- 
sults for the length of lag which yielded the highest R¢ are 
reported in Tables XIII and XIV. In Table XIII, a statis- 
tically significant « is obtained for all three price in- 
dexes. For the WPI ao is 0.05, for the CPI a is 0.05 and for 
the IPI a is 0.06. Income elasticities are positive for all 
three price indexes. The income elasticity of velocity (a2): 
is 0.8 using the WPI, 0.3 using the CPI and 0.6 using the 
IPI. A positive interest elasticity of velocity (of 0.06) 

is obtained using the CPI. However the interest elasticity 
has the wrong sign in the results using the WPI and IPI. The 
results in Table XIV conform to the results in Table XIII but 
in Table XIV a positive interest elasticity is also obtained 
using the IPI. 


Tables XV and XVII contain the ordinary least-squares 
estimates without applying any constraints for equations (8) 
and (8A) respectively. Equation 8) has 9 independent vari- 
ables but only 6 parameters. Similarly (8A) has 8 indepen- 
dent variables but only 5 parameters. More efficient esti- 
mates than ordinary least-squares can be obtained for (8) 
and (8A) if account were taken of the non-linear constraints 
on the coefficients of these two equations. The results 
using a non-linear regression technique are presented in 
Tables XVI and XVIII. In Table XVI all the estimated para- 


251f interest is paid on bank deposits (as was the case in 
Canada for most of the sample period) then ay is biased down- 
wards (since there is an omitted variable, bank interest, 
which should have a negative sign in (5) and (5A) and which 
is positively correlated to market interest rates). For an 
analysis of the effect of the payment of bank interest in 

the demand for money see B. Klein, "The Payment of Interest 
in Commercial Bank Deposits and the Price of Money: A Study 
of the Demand for Money", unpublished Ph.D dissertation, 
University of Chicago, 1970. 


116 


meters for all three price indexes have the correct sign. 

For the WPI statistically significant estimates are obtained 
LOWosed je aniead se HOWeVeretiesestuimateroL 2a 10M tor ajntis 
implausibly high. The implicit income elasticity of money 
demand turns out to be negative, -1.19. Since most demand 
for money studies have positive income elasticities one 
would expect az to be less than one. Although a2 is signifi- 
cantly different from zero at the 95 per cent significance 
level, it is not significantly different from one. For the 
CPI and IPI no estimates are statistically significant and in 
fact the R2 for the IPI is negative. This would indicate 
that the model with adaptive expectations does not work well 
for the CPI and IPI. The estimate of w, using the WPI indi- 
cates rather large average lags? in the formation of expec- 
tations of inflation. For the WPI the average lag obtained 
is 51 quarters.2/’ The result for the WPI indicates a rather 
small interest elasticity of velocity. Although the estimated 
interest elasticity is not significantly different from zero, 
if we increase our estimate by two standard deviations we get 
an estimate of the interest elasticity of 0.06. This result 
would indicate small interest rate effects for the demand for 
money. Also the redistribution term appears to have a posi- 
tive effect on velocity. This means unexpected inflation re- 
distributes income in favor of households with low average 
real cash balances (i.e. low k's). 


Three sets of results have been presented above. Each set 
of results reflects a different method of estimating expecta- 
tions of inflation.28 These different methods were used since 
it was felt that the price expectations variable was a crucial 
variable for the assessment of the final results. Each set of 
results indicates that money influences the price level with 
a lag. The estimates of the lag vary somewhat with each set 
of results. Consider the results for the WPI. In Table XI 
using extraneous expectation data an a of 0.05 was obtained, 


l-w 


The average lag is —— 


26 


27 Although we do not have an exact standard error for the 
average lag, it can be seen that if the estimate of w is in- 
creased by two standard deviations the average lag will be- 
come 21 quarters. In general it’ is very difficult to get 
precise estimates of average lags. 


28 The fact that three alternative measures of expectations 
of inflation were used reflects a lack of knowledge by econo- 
mists on the formation of expectations. 


Ey, 


in Table XIII using Almon lags, an a of 0.05 was also ob- 
tained, and in Table XVI using adaptive expectations and a 
non-linear regression technique an a of 0.12 was obtained. 

The results suggest that a (which measures the lag in the 
effect of money in prices) is somewhere between 0.05 and 0.12. 


Consider an a of 0.12. What does this mean? This means 
that if the model is in equilibrium and the rate of growth of 
the money supply is suddenly and unexpectedly increased, this 
causes actual velocity to fall and causes a gap between de- 
sired and actual velocity. Now an a of 0.12 means the rate 
of price change will increase by 12 per cent of the differ- 
ence between desired and actual velocity within one quarter. 
Let us take an example to show exactly what this means for 
the speed of price adjustment. Suppose the economy has been 
in equilibrium for a long period of time. Suppose our econ- 
omy is static with no growth in real income, with a constant 
money supply and with no inflation. Initially, suppose 


M = 100 v= 4 p = 1.00 y - 400 


and now suppose unexpectedly the money supply doubles to 200. 
Let us suppose everyone expects this to be a once-and-for-all 
increase in the money supply. Table XIX shows how prices ad- 
just to this change assuming a = 0.12. It can be seen that 
after one year about 32 per cent of the total required adjust- 
ment in prices is made. It takes about seven quarters for 
half of the adjustment in prices to take place. Table XIX 
clearly shows the lag in adjustment of prices to changes in 
the money supply. If a were equal to 0.05 it would take 19 
quarters for half the adjustment in prices to take place. 

It appears that these lags are of considerable length and 
that we do not exactly know what they are. These lags should 
serve as a warning to monetary authorities not to expect in- 
stant results whenever they change monetary policy. The re- 
sults here indicate a considerable lag in the transmission of 
changes in money to changes in the price level. 


ALTERNATIVE DEFINITIONS OF THE MONEY SUPPLY 


The subject of the appropriate definition of the money 
supply has been debated for a long time.29 Many economists 


29For a discussion of this debate see M. Friedman and A. 


Schwartz, Monetary Statistics of the United States, New York 
1970, chapters 1*and) 22 
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have tried to define money on a strictly theoretical basis. 
All of these attempts appear to be unsatisfactory. There is 
a whole continuum of financial assets and where we draw the 
line (on a theoretical basis) between some assets which we 
call money and other non-money assets would appear to be 
strictly an arbitrary decision. It would seem much more 
satisfactory if money was defined on an empirical basis. If 
money was defined on an empirical basis the definition of 
money might be different depending on what we are trying to 
explain. And this is as it should be. Also the definition 
of money would change as financial institutions changed and 
issued new types of liabilities. 


In Canada there are a number of financial institutions 
which issue liabilities which appear to be very similar to 
the liabilities issued by chartered banks. Trust and mort- 
gage loan companies offer deposits transferable by cheque. 
Credit Unions (in particular caisse populaires) offer de- 
posits transferable by cheque. Government savings institu- 
tions offer pass-book savings. Which liabilities of which 
institutions should be included in the appropriate definition 
of the money supply? To answer this question the following 
eight monetary totals were calculated: 


Mp = currency outside banks plus chartered bank demand 
deposits held by the general public and adjusted for 
float 


M, = currency outside banks plus total chartered bank 
chequable deposits held by the general public and 
adjusted for float 


M, = currency outside banks plus bank demand deposits held 
by the general public and adjusted for float plus 
personal savings deposits 


M2 = currency outside banks plus total chartered banks 
deposits held by the general public and adjusted for 
float 


Mz = Mj plus chequable deposits in trust companies plus 
chequable deposits in mortgage loan less cash reserves 
of trust and mortgage companies 


M4 = Mz plus non-chequable deposits in trust and mortgage 
loan companies plus non-chequable and fixed term 
personal savings deposits at chartered banks 
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Ms = Mz plus total deposits at trust and mortgage loan less 
cash reserves of trust and mortgage companies 


Me = Ms plus total deposits at Quebec Savings Banks plus 
total deposits in credit unions plus total deposits 
in government savings institutions less cash reserves 
of Quebec Savings Banks and credit unions. 


How does one choose among these alternative definitions? Here 
it is proposed to use that definition of the money supply 
which yields the best explanation of the rate ofminiatione 
For purposes of the following experiment it was decided to use 
equation (8A) since this formulation was the only formulation 
which had the rate of growth of the money supply in it dir- 
ectly as an independent variable. Ordinary least-squares 
estimates of equation (8A) were obtained using Pypy ance 

and using our eight alternative definitions of the money | 
supply. The R2's and the standard error of estimate (Sy.x) 
for the eight equations are presented in Table XX. Also the 
rate of inflation was regressed against past rates of change 
in the money supply where 


n 
Alog Py =a+D ayn Alog Mt¢-j (14). 


Equation (14) was estimated by the Almon technique assuming 
the weights followed a second-degree polynomial and assuming 
the length of the lag to be 16 quarters. The R2's and stand- 
ard errors of estimate for equation (14) for the eight defi- 
nitions of money are also presented in Table XX. 


From Table XX it appears that the broad definitions of 
money (M7, Ms and M6) do better than the narrow definitions 
of money. It also appears that once you include all char- 
tered bank deposits in the definition of money very Ltt 
explanatory power is added by including liabilitiessoteoties 
financial institutions in the definition of money. In fact 
M> has the lowest Sy.x in the estimation of equation (8A). 
Therefore Mz would seem to be the empirically appropriate 
definition of the money supply when looking at an explan- 
ationsoteanilatvony. 


CONCLUSION 
From the foregoing empirical results it can be concluded 


that: (1) The rate of growth of the money supply plays an 
important role in the determination of the rate of change of 
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the absolute price level. This result should not be too 
surprisings’ “Since the absolute price level can be conceived 
of as the rate of exchange of money for goods (in general), 
the more money that is printed. the less each unit of money is 
worth and the more of these units of money that have.to be 
exchanced toredelni teotevoodse (i.e. atneubigherathe price 
level). Before the 1930s this result would have been ex- 
pected by the majority of economists. 

(2) Changes in the rate of growth of.the.money supply bring 
about changes in the rate-of.growth.of the absolute price 
level but only after a considerable.lag. The exact nature of 
the lag is a matter requiring further research.39 For the 
WPI it can take anywhere from seven to 19 quarters for half 
of the effect of a change in the money supply to be reflected 
in prices. This result has important policy implications. 
When the Bank of Canada increases. the rate of growth of the 
money supply and observes. this has no immediate effect on the 
rate of inflation it should not falsely conclude that money 
has no influence on the level of prices. Conversely when the 
Bank of Canada decreases the rate of growth of the money sup- 
ply in order to combat inflation and observes no immediate 
reduction in the rate of inflation it should not conclude one 
of the following: 


(a) Monetary policy is ineffective in fighting inflation; 
therefore, other means such as direct price and wage 
controls must be used to combat inflation, 


or 


(b) The initial decrease in the rate of growth of money 
was too small and as a consequence the rate of growth 
of the money supply should be further reduced to have 
any significant effect in combatting inflation. 


It is because of these lags in monetary policy that central 
banks tend to over-react to any given situation. When there 
is a need to follow an "'easy'' money policy they tend to ex- 
pand the money supply too rapidly and as a consequence bring 
on inflation and when there is a need to fight inflation and 
so follow a "tight'' money policy they tend to contract the 
money supply too much and bring on a recession. 


30Tn particular, work should be done where a is treated as a 
variable and not a parameter of the system. 


1a 


(3) The empirical results suggest that the broad definition 
of money (Mz) which includes all publicly held chartered bank 
deposits works better in explaining the rate of inflation 
than narrower definitions of money. The results also suggest 
that there is not much to be gained in explaining the rate 

of inflation by including liabilities of financial inter- 
mediaries other than chartered banks in the definition of 

the money supply. For purposes of explaining the rate of 
inflation, M2 appears to be the most appropriate definition 
of the money supply. 
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TABLE XX 


Comparison Of The R2 And Sy.x Of Equation (8A) And Equation 
(12) Using The WPI To Define The Rate Of Inflation 
And Using 8 Alternative Definitions Of The 


Money Supply, 1953:I - 1969:IV 


Definition of Equation (8A) 


Equation (14) 


the Money 

Supply R¢ Re SY 
23 0.00488 
10 0.00528 
28 0.00471 
34 0.00451 
10 0.00528 
30 0.00466 
35 0.00447 
29 0.00440 


* Was run for thesperiod@195S.: s- 8067 a1. R* for Me should 


not be compared to other R2's, 
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THE EMPIRICAL DEFINITION OF MONEY 


by 


John W.L. Winder 


In his brilliant survey article of one decade ago, Harry 
Johnson assessed what is perhaps the central problem in 
monetary economics as follows: 


" ,.the chief substantive issues outstanding are these: 
first, what specific collection of assets corresponds most 
closely to the theoretical concept of money--an issue that 
arises as soon as the distinguishing characteristic of 
money ceases to be its function as a medium of exchange; 
second, what the variables are on which the demand for 
money so defined depends; and third, whether the demand 
for money is sufficiently stable to provide, in conjunc- 
tion with the quantity of money, a better explanation of 
observed movements of money income and other aggregates 
than is provided by models built around income-expenditure 
relationships. These are essentially empirical issues, to 
which empirical research has as yet produced no conclusive 
answers; and they clearly have an important practical 
bearing on monetary policy."1 


J Johnson, H.G., "Monetary Theory and Policy," American Ec- 
onomic Review, June 1962, pp. 344-5. 


15 


The ultimate relevance of empirical studies of the demand 
for money bears on the fundamental issue as to "whether mon- 
etary theory is more usefully formulated in terms of the 
demand for and supply of money or of the influence of money 
on expenditure and income''.2 The appropriate formulation of 
monetary policy is of course contingent upon the resolution 
of this issue, and embedded within it is the question of the 
relevant concept of money. Effective monetary policy re- 
quires an empirically established definition of money. 


Empirical definitions, however, will not be unique. They 
need not remain the same over time, and may differ according 
to differences in the questions which alternative models may 
be designed to answer. For example, reduced form models may 
be constructed to assess the role of money in price and in- 
come determination. Viewed by the precepts of such models, 
some definitions of money may be found to perform better than 
others - to be empirically relevant. Similarly, given speci- 
fications of the aggregate demand function for money, by 
their relative performance under alternative definitions of 
money imply that definition which is empirically most appro- 
priate, at leastefor sthe: civen sspecrircatione 


In a recent contribution of his own toward an empirical 
definition of money, George Kaufman cited what he considered 
to be the three most ENE techniques among those already 
applteds to. Uso datas These were: (1) definition  bicro sae 
elasticity of substitution of financial assets: (2) definition 
by discriminant analysis of time series characteristics, and 
(3) definition by ability to explain statistically agsresate 
nominal income. Kaufman's own work related to the third 
approach, employed by Milton Friedman and David Meiselman in 
their study for the Commission on Money and Credit. Evalua- 
tion of the relative merits of alternative techniques would 
constitute a substantial and undoubtedly contentious under- 
taking in its own right. The objective of the present paper 
is the more modest one of approaching the empirical definition 
of money through estimation of a demand function of specified 
form. 


2 Ibid., p. 356 


5 Kaufman, George C., "More On An Empirical Definition of 
Money'', American Economic Review, March 1969, pp. 78-87. 
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The demand for money has been specified and estimated in a 
wide variety of functional forms and with a variety of deter- 
mining variables. In his excellent book on the subject, David 
Laidler states that most recent empirical work on the matter 
has postulated that the demand for money function may be 
approximated by: 


In(M/P ea) In ke asalin(X ie) bene (1) 


where X may stand for the level of income, non-human wealth, 
or permanent income.4 In this paper, the level of current 
real income is used: X = (Y/P). The other symbols as used 
here relate to current nominal gross national product (Y), 
its implicit deflator (P), the nominal money stock (M), and 
the treasury bill rate (r). 


In his book, Laidler goes on to point out that tests of 
this sort ignore the "identification problem" and therefore 
in principle require supplementation by work such as that 
done by Brunner and Meltzer,° and Teigen©® who simultaneously 
fitted supply and demand functions for money. The results 
obtained were essentially the same as those obtained with 
similar studies which did not take account of the identifi- 
cation problem. Laidler concludes: 


"In short then, whether one thinks of the demand for 
money function as being constrained by income, wealth, 

or expected income, whether one chooses to define money 

to include time deposits or exclude them, whether one 
chooses to ignore the identification problem or deal with 
it, whether one uses a short rate of interest, a long one, 
the return on financial intermediaries' liabilities or the 
yield on corporate equities, there is an overwhelming body 
of evidence in favor of the proposition that the demand 
for money is stably and negatively related to the rate of 


4 Laidler, D.E.W., The Demand for Money: Theories and Evid- 
ence, Scranton, 1969. 


° Brunner, K., and Meltzer, A.H., "Some Further Evidence on 
Supply and Demand Functions for Money", Journal of Finance, 
May 1964, pp. 240-283. 


6 Teigen, R., "Demand and Supply Functions for Money in the 
United States", Econometrica, October 1964, pp. 477-509. 
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interest. Of all the issues in monetary economics, this 
is the one that appears to have been settled most deci- 
sively."'7 


No formal attempt to take account of the identification 
problem is made in the work that follows. This is in part 
because of the empirical evidence just cited to the effect 
that it is not of critical significance so far as the demand 
for money is concerned, in part because of evidence to the 
effect that the money supply in Canada is substantially 
determined in passive response to a predetermined interest 
rate target or state of general credit conditions,® and in 
part because of the need to aimite the scopesore thissparci= 
cular investigation. 


The choice of the functional form indicated in equation 
(1) was also based on some experience derived in the course 
of investigations into the role of price and interest expec- 
tations in the demand for money in Canada with Professor 
L.B. Smith.9 In the development of that research various 
functional forms appearing in the literature were employed 
but the form reported upon in the paper and indicated above 
seemed to yield greater stability of results and permit most 
reasonable interpretation. In the study, results were re- 
ported for three definitions of the interest rate and two 
definitions of money. In addition to the yield on 91-day 
treasury bills the interest rates were the yield on short- 
term (0-3 year) Government of Canada bonds and the yield on 
long-term Government of Canada bonds. Since the results 
did not differ in any substantive way among these alternatives 
the treasury bill rate only was used throughout the investi- 
gations undertaken here. In the cited study, money was 
defined as the sum of currency outside the banking system 


7 Laidler, Oo Jere 5s CSW 


8 Support of this position may be found in the following: 
Courchene, T.J., ''Recent Canadian Monetary Policy", Journal 
of Money, Credit and Banking, February 1971, pp. 35-56; and 
Helliwell, J.F., et. al., The Structure of RDX2, Bank of 
Canada Staff Research Studies, 1971. 


9 Smith, L.B., and Winder, J.W.L., "Price and Interest Rate 


Expectations and the Demand for Money in Canada", Journal 
of Finance, June 1971, pp. 671-82. 


136 


and demand deposits in the chartered banks, with and without 
notice deposits in the chartered banks. In the present in- 
vestigation these components were handled separately and 
other alternatives were also considered, as indicated below. 


The model of expectations employed in the earlier work has 
also been used here. It is based upon the synthesis by 
Modigliani and Sutch of normative and extrapolative models 
of expectations.10 As applied to interest rates, the normal 
level may be denoted by Y and the expected level by r*. The 
normal level is expressed by the relation, 


m 
LTRS HV Reet en ers © 
t T= T 1 t 1 

m 
45) (lias) ez sa ca jeeChie | ely Uses I (2) 


1=1 
where z is a constant representing a very long-run normal 
level, and v and (1 - v) are constants to provide a weighted 
m 


average of z with the expression mr uj In 1,_; which is 
= 


itself a weighted average of recent past rates. 


If the interest rate expectations are normative or regres- 
sive, the level of interest rates is expected to fall when 
the current level exceeds the normal level. This hypothesis 
may be formulated as: 


In(rf/r4) = @ In(F,/re) = a, (1-v)1n z 


m 

40qv 5 uz In rel; - az In ry (3) 
i=1 

where a] is the elasticity of normative expectational res- 

ponsiveness. 


If interest rate expectations are extrapolative only the 
recent past is important, so the very long-run level, z, 
does not enter. The level of interest rates is expected to 


10 Moditol-anismeeseand’Sutchaak wel innovationssineinterest 
Rate Policy", American Economic Review, May 1966, pp. 178- 
197. 


eye 


rise when the current level exceeds the average level of the 
recent past< ‘In other “words; the “direction of recent pase 
changes in interest rates is expected to continue into the 
future. This hypothesis may be expressed as: 


n 
In(rf/r,) = a5 (In Tr, a vy; In ees A5>0, 
n 
m2; 
1=1] 
Because the range of relevant past experience should be 
shorter for extrapolative than for normative expectations, n 


should be considerably smaller than m. The elasticity of 
extrapolative expectational responsiveness is On. 


ape ee ete C4 


Expectations may, of course, be based upon both normative 
and extrapolative elements. Combining (3) and (4) yields 
the expression: 


In(rf/r,) = a, (1-v)1n z+ (a5 - a,)1n ae 


(on Vvusl a7; )1n BL A CSip 


i 
ters 


The shape of the net lag structure can only be determined 
empirically. It will be the result of the relative strengths 
of the extrapolative and normative elements embodied in the 
terms (a,vu, - a9y;). The extrapolative element a 5y;, be- 
cause of the shorter horizon, will exert its strongest 
influence for the most recent past periods, with the norm- 
ative element oa jvu; dominant farther back in time. Inclusion 
of hypothesis (5) in the demand function of form (1) yields: 


Ti(M/P) ee ines coq le Vy) incite in Gr Ba 


= eh Celie Svein y Vn ter cE (aj;vu; - aoy;)1n Lei (6) 
5 


where c is the elasticity of demand for money with respect to 
an expected change in the rate of interest as measured by 
* 
sepa sere 
In the tables which follow results are presented for the 


basic specification of the demand for money (including only 
real income and the treasury bill rate) as well as extensions 
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of it to incorporate interest and/or price expectations, 
For each alternative specification of independent variables 
the following alternative possible measures of money have 
been used to construct dependent variables: 


G Currency in hands of public (excluding coin). 

D Demand deposits at chartered banks (excluding 
float) 

PN Personal savings deposits at chartered banks. 

ON Other term and notice deposits -at chartered banks. 

TD Demand and saving deposits at trust companies. 

GIC Term deposits and guaranteed investment certifi- 
cates at trust companies. 

MD Demand and savings deposits at mortgage loan 
companies. 

MT Certificates, debentures and term deposits at 
mortgage loan companies. 

M1 C + D 

M2 Ge Dae Nie 

M3 Gee eDae PN ON 


All data were quarterly and not adjusted for seasonality. 
Dollar magnitudes were in billions and this is signified in 
the tables by the number 9 in a variable symbol. The prefix 
L indicates natural logs and the suffix R deflation by the 
Dr cence aehOmscxanples 


LYOR signifies the natural log of 


VOR #8 ay 9 AP = -GNEMinebiliiionssofel957 dollanss;iwhere 
P = GNE price deflator (1957 = 1.00) 
In addition, the interest rate used was: 
TBR three-month treasury bill rate, average of weekly 


tenders, last-month-of-quarter. 


The results for the basic specification appear in Table XxI, 
estimated for the period 1955:I through 1968:IV. The reported 
coefficients for real income and bill rate are of course in 
the form of elasticities; their t-statistics appear in 
parentheses below. The values of the coefficient of deter- 
mination R> are adjusted for degrees of freedom, but are not 
net of seasonality. The values of the Durbin-Watson statis- 
tic, DW, are presented in the final column. 


It is evident that the basic specification explains most 


of the variation in each of the categories. Given the trend 
in real income and each of the dependent variables, this is 
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not at all surprising. The fundamental proposition to the 
effect that the demand for money is interest-elastic is con- 
firmed for all categories, except C and PN, in spite of the 
fact that own rates have not been brought into the specifi- 
cation. The income-elasticities are much lower for C, D 

and PN than for the other components. These differences in 
interest and income elasticities are, of course, reflected 
in the aggregative relationships for Ml, M2, and M3. 


The values of the Durbin-Watson statistic indicate severe 
serial correlation. Much of the empirical literature on the 
demand for money reveals this to be characteristic of results, 
more so for quarterly than for annual data. Many other 
studies simply fail to report these statistics. When season- 
ally-adjusted data are used, some of the serial correlation 
may arise from the seasonal-adjustment process. 


There are essentially three approaches to consider when 
confronted with serial correlation. “In thewfirst place saan 
auto-regressive transformation of the data could be called 
for. There is again evidence in the literature to the effect 
that such transformations have little impact on the results. 
Of most immediate relevance, this is what turned out to be 
the case in the Smith-Winder study cited earlier. Alterna- 
tively, it seems plausible to believe that adjustment lags 
may be important, particularly when quarterly data are 
employed, and therefore that some sort of adjustment model 
should be applied. The trouble with this approach is that 
it 1s fundamentally indistinguishable from a specification 
which calls for permanent or expected values of variables 
rather than current values in the function.11 It iS. eOts 
course, equally the trouble with trying to introduce interest 
rate expectations through inclusion of lagged values as done 
in this paper. 12 The final basic approach to the problem 
of serial correlation is to look for one or more omitted 
relevant explanatory variables. To the extent that the 
omitted variables are expected rather than measured values, 


a ie ema nel Aha ale eee Ta 
al Laidler, OpreeCuG. ep ae LOls 


12 The ambiguity in this approach is stressed explicitly by 
Professor Clinton in his 'Comment' on the Smith-Winder re- 
sults, Journal of Finance, forthcoming. Professor Clinton 
also urges incorporation of income lags (accepting the am- 
biguity of their interpretation). 
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this approach is indistinguishable from the second, the 
allowance for adjustment lag. The present study omits "own 
rates" of return for all categories which have them. In 
part this is because the objective was to conduct a prelimi- 
nary scan of potential candidates for inclusion under the 
banner of "money'' within the context of a plausible speci- 
fication of a basic yet generally acceptable form, rather 
than to finally determine the precise and statistically 
inviolate form of the demand for money. In part it is 
because experimentation with "own rates'’ seemed unpromising, 
at least within the context of the specification employed 
here. 


In elaboration of this latter point, it may be noted that 
an examination of the residuals from the estimated equations 
of Table XXI(a) indicates that the search for an omitted 
variable may not be an easy one. With one or two exceptions, 
it is not at all clear that there is much in common among 
the "omitted"’ variables. In illustration of this observation, 
consider the following correlations: 


Correlation Matrix of Residuals in Table XXI(a) 


C D PN ON TD GIC MD 
D 0.44 
PN 0.81 0.44 
ON 0.39 0.54 0.47 
TD -0.14 0.18 0.04 0.09 
GIC Om25 0.08 0839 0.05 0.66 
MD -0.19 0.46 -0.01 OF 516 0270 0.12 
MT OFS 0.03 OnZ/ =02 01) 62.0278 O79 SF m0 eo 


Errors seem for the most part to be unassociated. The 
noteworthy exceptions, in order of magnitude, are those for 
GIG and Mf, C and PN, TD and MT, TD and MD, and TD and GIC. 
There is little encouragement here to search for a common 
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explanation. For example, it would be plausible a priori to 
suppose that the neglected variables relate to substitutability 
and are therefore probably rate differentials among categories. 
No doubt there is validity in this view but these residual 
patterns donot ‘point ithat way tat tally gelhene ais efomsex- 
ample, almost no association between residuals from equations 
relating to bank deposit liabilities on the one hand and 

those of the non-banks on the other. Moreover, on grounds 

of omitted allowance for substitutability variables one 

would expect negative association between residuals - there 
are only four such categories and they are too insignificant 
Loma tere 


One, admittedly arbitrary, way to allow for stock adjust- 
ment is to add to each regression a lagged value of the 
dependent variable. This has been done in Table XXI(b). 
The Durbin-Watson statistics now reflect their bias towards 
2. The long-run or equilibrium elasticities with respect 
to real income and the treasury bill rate for the various 
categories are as follows: 


YOR TBR 
19 COR 0.45 40502 
2) DOR 0.80 -0.20 
3) PNOR 1.44 20633 
4) ONSR 5.00 -0.69 
5) TDOR 7.00 =4m50 
6) GICOR 4.67 -0.89 
7) MDOR Am22 =1)822 
8) MTOR 2.00 -2.00 
9) M19R trAl -1.43 
10) M29R 0.95 -0.19 
11) M39R 1.54 20851 
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The long-run income-elasticities imply the same distinction 
between the deposit-instruments of the chartered banks and 
the non-banks observed earlier and the long-run interest- 
elasticities seem to reinforce this. 


As an alternative, an autoregressive transformation was 
applied to the basic specification of Table XXI. These re- 
sultsyappcarain Tableexxi(c) syabxceptinathe cases tof Cy Ds 
and PN (and therefore Ml and M2) the sum of squared residuals 
decreases monotonically as RHO approaches unity. In all 
other categories, therefore, the best value of RHO implies 
taking first differences. The corresponding first differ- 
ence equations naturally yield elasticities (and t-statis- 
tics) with respect to YOR and TBR almost identical to those 
reported in Table XXI(c). The R¢ for a first-difference 
equation is inevitably lower, of course, and very low in a 
couple of cases. These latter values are reported in the 
final column as "Net" R (although they are still not net of 
seasonality). In the cases of C, D, PN, Ml, and M2 these 
values refer not to first-difference equations (RHO = 1), 
but to equations transformed by the corresponding values of 
RHO in the preceding column. 


At face value the procedure is devastating in its impact 
on the earlier results. In addition to the one or two cases 
in which the quarter-to-quarter fit is negligible, there is 
no support for the earlier result to the effect that income- 
elasticities are substantially higher for non-bank deposit 
instruments, and there is virtual elimination of any con- 
sequential orssignificant interest rate elasticity. However, 
these results should be interpreted with caution; they are 
quite sensitive to small changes in RHO when RHO is in the 
neighbourhood of 1 - and yet small changes in RHO towards 1, 
while reducing the sum of squared residuals, may not do so 
wad thatemucht. 


Table XXI(d) illustrates this point: The equations‘ in 
Table XXI(d) have been transformed not by the "optimal" 
value of RHO but by the autoregressive coefficient of the 
residuals in the corresponding equation of Table XXI(a), 
that is to say by setting RHO = b in an estimated equation 
of the form, 


RESIDE Seay + bRESID Gteds) 


for each category. According to this procedure, the distinc- 
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tion among income elasticities remains, but the interest 
elasticities are still much lower than in the untransformed 
equations. 


It is doubtful that any such transformation represents the 
best way to approach the problem of serial correlation. In 
the cases which yield values of RHO near unity it may be that 
serial correlation is of a higher order. In any event, the 
preferred approach would be to enrich the specification, 
either by allowance for lagged adjustment (although the mere 
inclusion of lagged dependent variables is perhaps not the 
best way to go about it), or the incorporation of additional 
explanatory variables, or both. Although what is to follow 
1Ssingprrnciplesasstepdinethetrieht qinectronsevcwiel ibe 
seen that it does not free us from the problem. 


When the basic specification is expanded to allow for 
interest rate expectations the results are as reported in 
Table XXII. The net lag structure of the postulated interest 
expectational process has been estimated by a second degree 
polynomial constrained to go through zero in the twelfth 
lagged quarter.15 (Since the current quarter value of LTBR 
is included separately, 12 quarterly values are included in 
all.) For economy in presentation, constants, coefficients 
on seasonal dummies, and coefficients on the Almon variables 
are not reported. None of these are of interest in them- 
selves and the latter vary from one computational program to 
another. The disentangled lagged weights are program- 
invariant,however, and also constitute the interesting result, 
so these are reported. The values in parentheses beneath 
these estimates are standard errors. 


The distinction among income elasticities remains in Table 
XXII, although the values differ somewhat from their counter- 
parts in Table XXI. The positive signs for the current value 
of the treasury bill rate in the cases of C and PN suggest 
that the influence of extrapolative expectations dominates 
the opportunity cost element, which may have a very small 
influence in these cases. The inclusion of PN within M2 and 
M3 contributes toward the offsetting of these two effects in 
these aggregates. The lagged coefficients on the treasury 


13 Almon, S., "The Distributed Lag Between Capital Appropria- 
tions and Expenditures", Econometrica, January 1965, pp. 
178-196. 
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bill rate begin negative and revert to positive in all cases, 
which is consistent with the basic expectational hypothesis 
which posits a dominance of extrapolative expectations for 
the recent past. The degree and duration of such dominance 
varies from one category to another, however, extending over 
five or six periods in the cases of D, ON, and MD, about half 
thateror sUeandetewerestil lmforethe srest tof thexbasic)compon- 
ents. It is of course not possible to say whether these dif- 
ferences in timing among categories are statistically sig- 
nificant. Nevertheless the results invite such comparison 
and imply some conformity among all demand deposits on the 
one hand and all notice deposits on the other. On this view, 
C and ON seem to be out of line. 


The results in Table XXIII reflect a further modification 
of the basic specification incorporating a second degree 
polynomial distributed lag on real income, beginning with the 
current quarter and constrained to pass through zero in the 
twelfth lagged quarter. The estimated coefficients may be 
interpreted as reflecting a combination of lagged adjustment 
and something approximating "permanent" income. As pointed 
out earlier, similar ambiguity prevails in the interpreta- 
tion of the interest rate coefficients (and this is, of 
course, true of the results in Table XXII as well). The 
precise interpretation placed upon the results is necessarily 
a matter of judgment. The income coefficients and their 
standard errors are presented in the last two rows for each 
Cacerony : 


The impact of inclusion of lagged values of income differs 
between currency and the deposit liabilities of chartered 
banks on the one hand and the deposit liabilities of the 
trust and mortgage loan companies on the other. In the for- 
mer case the coefficients on lagged rates no longer become 
Significantly positive; indeed for ON they remain signifi- 
cantly negative throughout. It is possible to view this 
result as the combined effect of lagged adjustment to oppor- 
tunity cost and extrapolative interest expectations with 
the relative role of each a matter of judgment. The signifi- 
cantly positive coefficient for the current value of the 
Creasumepiulki¢vate anatherequationsmtor CyandaiPNeimplies 
some role for extrapolative expectations, however. 


In the case of the deposit liabilities of trust and mort- 


gage loan companies, the pattern of weights on lagged rates 
1s very strongly that expected under the combined extra- 
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polative - normative hypothesis -~although it is equally im- 
possible to separately identify the impact of lagged adjust- 
ment. Compared with the other categories, however, adjust- 
ment lags and the duration of extrapolative dominance would 
appear to be shorter. 


The difference in rate patterns for the trust and mort- 
gage loan companies is accompanied by a difference in the 
pattern of coefficients on lagged income. These all become 
negative after five quarters or so. These negative values 
are not consistent with lagged adjustment or permanent in- 
come. It could be argued that the appropriate budget con- 
straint is wealth, but permanent income, even as approxi- 
mated by the present technique, should be a better proxy 
for wealth than these results would suggest. Whatever the 
reasons, the results of this specification establish a vivid 
empirical line between money as more or less narrowly defined 
and some broader alternative definitions. 


A further generalization of the basic approach to accom- 
modate a possible role of inflationary expectations is re- 
ported upon in Table XXIV. The quarter-to-quarter propor- 
tional rate of change in the implicit deflator for GNP was 
first regressed on seasonal dummies and then adjusted for 
the implied seasonality. Because negative values remained 
even after such adjustment, the log transformation was not 
applied to this series (referred to in the table as SAPDOT). 
The distributed lag was again estimated by a second degree 
polynomial beginning with the current quarter and constrained 
to go through zero in the twelfth lagged quarter. The esti- 
mated coefficients and their standard errors appear as the 
last two rows of each category. 


Inflationary expectations are likely to be purely extra- 
polative, leading to a reduction in the demand for real 
balances. The preponderance of significantly negative co- 
efficients is consistent with this hypothesis. There is 
again some distinction to be made between the trust and 
mortgage loan company deposits and the other categories. In 
the case of these deposits, the coefficients are significantly 
negative throughout. For notice deposits of the banks such 
Significance disappears after six or seven lagged quarters. 
For bank demand deposits and currency it disappears after 
four lagged quarters. In the case of currency, significantly 
positive values appear from the eighth lagged quarter on. 
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Unfortunately, it is probably not possible to interpret 
the price coefficients unambiguously either. No doubt they 
do incorporate the impact of inflationary expectations. But 
given the specification in terms of real income and real 
balances they may also reflect lagged adjustment to the ex- 
tent that realized price increases erode real balances, there- 
by necessitating a subsequent realignment with the higher 
price level. This may be the reason for the significantly 
positive signs for currency. The greater the impact of in- 
flationary expectations the less tendency would there be 
for such realignment to take place. Such impact therefore 
seems less prominent for bank deposits than for non-bank 
deposits, and less prominent still for currency. 


Introduction of price expectations does not materially 
alter the interest rate and income patterns established in 
Table XXIII except in the cases of term deposits of the trust 
and mortgage loan companies, for which recent interest co- 
efficients are no longer significantly negative, and demand 
deposits of mortgage loan companies for which remote interest 
coefficients are no longer significantly positive. In 
the latter case also, the negative lagged income coefficients 
are either insignificant or borderline. It therefore turns 
out _that.demand deposits of mortgage loan companies now bear 
more resemblance to bank deposits than to other non-bank 
deposits, so far as interest rate and income are concerned, 
but not in relation to price change. Trust and mortgage loan 
company term deposits seem dominated by normative rather 
than extrapolative rate expectations or perhaps reflect a 
failure to distinguish between real and nominal interest 
aces. 


In summary, the various components for possible inclusion 
within the definition of money differ more in degree than in 
substance in response to the explanatory variables which have 
been introduced in the specifications investigated here. The 
relatively clear boundary line between currency and bank 
deposits on the one hand and non-bank deposits on the other, 
which emerged from the basic specification, can be made to 
disappear by a first-difference transformation of the data 
since income elasticities then do not differ. Alternatively, 
it can be blurred by inclusion of lagged interest rates alone, 
which leaves intact the income-elasticity differentiation 
but tends to align demand deposits in one group and term 
deposits in another so far as rate patterns go. The boundary 
line is then re-established by the incorporation of income 
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lags as well as rate lags, only to be blurred again by ee 
further inclusion of current and lagged rates of change of 
prices, the impact of which, so far as interest and income 
lag patterns go, is to lump everything together except for 
term deposits of trust and mortgage loan companies. But 

all deposits of these companies reflect a greater impact of 
inflationary expectations than do currency and bank deposits, 
and to this extent the original line remains. To the ex- 
tent that substitutability between bank and non-bank deposits 
inhibits anti-inflationary monetary policy, the differentially 
adverse impact of inflation on the non-banks represents some- 
thing: of an/automaticestabrinizer: 
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